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Abstract

After discharge from the Intensive Care Unit (ICU), more
than 50 % of patients experience pathological symptoms
that are not related to the primary emergency but reduce
the quality of life and require rehabilitation. Post Intensive
Care Syndrome (PICS) include only those conditions that do
not have a direct causal relationship with the emergency con-
dition that gave rise to hospitalization in the ICU. The patho-
physiological basis of the PICS is the phenomenon of “learned
non-use”: a state of artificial limitation of the patient’s mo-
tor and cognitive activity as a result of the use of analgoseda-
tion, bed rest and immobilization. The clinical picture of PICS
is determined by the severity of its individual components,
detailed using a package of clinimetric scales. Based on the re-
sults of dynamic testing, the PICS severity index is calculat-
ed. The sum of the scores in the range from 0 to 10 reflects
the severity and effectiveness of rehabilitation measures.
For the prevention of PICS, the Union of Rehabilitologists
of Russia together with the Federation of Anesthesiologists
and Resuscitators of Russia has developed the rehabilitation
complex “ReablCU". In the English-language literature, such
a complex is called “Awakening and Breathing Coordination,
Delirium monitoring/management, and Early exercise/mobil-
ity" bundle. ReablCU is a complex of technologically thera-
peutic and diagnostic modules “positioning and mobilization”,
“prevention of dysphagia and nutritional deficiency”, “preven-
tion of emotional and cognitive impairment and delirium”,
“prevention of loss of self-care skills”. The basis of the mul-
tidisciplinary rehabilitation team, which includes a doctor
for medical rehabilitation, 2 specialists in physical rehabilita-
tion, a specialist in occupation therapy, a medical psycholo-

Rehabilitation in the intensive care unit (RehablCU)...
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bY3 BO «BopoHesxckas obaacmHas KAuHU4eckas 60bHUYa

Ne 1», Boporex, Poccus

T'bY3 K «[opodckas kKauHuYeckan 60/bHUYa

um. C.H. lpuH6epzax, Mepmb, Poccus

37 [bY3 «[opodckas KnuHu4eckas 6onbHuya um. C.C. KOouHa
/13M», Mocksa, Poccus
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Pedpepam

BbinucbiBaAch 13 oTAeNeHNA aHeCTe3noN0rnn, peaHmaumm
W MHTeHcMBHOW Tepanuu, 6onee 50 % naLWeHTOB UCMbITbI-
BAlOT NaTO/I0rMYeCKMe CUMMTOMbI, HE MMEoLLMe OTHOLLEHUA
K NMepBUYHOMY HEOT/IOHOMY COCTOAHMIO, HO CHUMXaloLLMeE Ka-
4eCTBO XU3HU K Tpebytolme peabuantaummn. COBOKYMHOCTb
TaKMX CUMMMNTOMOKOMI/IEKCOB Ha3blBA€TCA «CUMHAPOM MO-
CNeACTBUN MHTEHCUBHOM Tepanuu» (MUTC). MUTC skto-
4aeT: KOMMNIeKC UHPEKLMOHHO-TPODUYECKUNX, BEreTaTUBHO-
MeTaboMYECKUX (XPOHU3MPYIOLLMIACS 60/1€BOI CUHAPOM, Ha-
pyLUEHME LMPKaAHbIX PUTMOB, rPaBUTaLMOHHOIO rpajneHTa,
HeMpOMBbILLEYHbIX (MOIMMUOHENPONATHA KPUTUHECKUX COCTO-
AHWIA, pecnipaTopHas HeiponaTus, agucdarus 6esgencTans),
3MOLIOHA/IbHO-KOTHUTUBHBIX OCIOMHEHMI (Aenpeccus, geu-
WA, CHVXKEHWe NaMaTy 1 np.). MaTodr3nonornyeckoin ocHo-
Bon MUNTC aBnseTca peHOMEH «Hay4eHHOro Hencrnosib30Ba-
Huax» (learned non-use), COCTOAHME WCKYCCTBEHHOTO OFpaHu-
YeHVsA ABUraTe/IbHON N KOTHUTMBHOM aKTUBHOCTW MaumeHTa
B pe3y/ibTaTe MpUMeHeHUA aHa/brocesaumu, nocTe/ibHoro
pexuma n ummobuamsaumm. KamHnyeckaa kaptuxa MATC
onpeAeAaeTCcA BbIpaXeHHOCTbIO OTAE/IbHbIX €r0 KOMMOHEH-
TOB, feTa/M3NPpyeMbIX C MPUMEHEHMEM MaKeTa K/JAuHUMe-
TPUYECKUX LWKaa. Ha ocHoBe pe3y/bTaToB AMHAMUYECKO-
ro TeCTUPOBAHWNA paccHUTbIBaeTCA NHAEKC Tawectu MNTC,
Cymma 6annos B gnanasoxe oT 0 go 10 oTpaxaeT Kak daKT
Hasmumna NMUTC, Tak 1 cTeneHb TAXECTN W NOTEHUMAN pea-
6uanTaumnoHHbIX MeponpuaTui. na npopunaxktukm MANTC
Coto3oM peabunutonoros Poccun cosmectHo ¢ Pegepa-
LMe aHeCTe3noN0roB 1 peaHmmatosoros Poccun paspabo-
TaH peabuanTaUMOHHbIA KoMnaekc PeabT. B aHrnos3biy-
HOW NTepaType TaKoW KoMMeKc Ha3sbiBaeTcs “Awakening
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gist, a medical speech therapist, a nurse for medical rehabil-
itation. The activity of multidisciplinary rehabilitation team
is evaluated on the basis of quality criteria and the achieve-
ment of the main goal of ReablCU — the preservation
of the premorbid status of the patient’s socialization.

KEYWORDS: rehabilitation, multidisciplinary rehabilitation
team, intensive care units, mobilization, dyssomnias,
deglutition disorders, quality of life, bed rest
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and Breathing Coordination, Delirium monitoring/mana-
gement, and Early exercise/mobility” (ABCDEF bundle).
PeabT — KOMNNEKC TEXHONOrMYeCKN Ae4ebHO-AnarHoc-
TUYECKMUX MOZYyNeN «No3nLMOHMPpOBaHME W Mobuan3a-
umA», «NpodunaKTnka agucharum n HyTpUTUBHOroO Aedu-
unTa», «npoduaakTUKa 3MOLMUOHANbHO-KOFHUTUBHbBIX
HapyleHUn 1 gennpusa», «npoduaakTuKa yTpaTbl HaBbl-
KOB camoobcayxuBaHua». B cootBeTcTBuM ¢ dpesepans-
HbiM [lopAAKOM OpraHvsauumM peabuanTauMOHHOM MOMO-
WM Ana peanusauun PeabUT npegycmMoTpeHa opraHu3a-
UMA oTAeNeHVA paHHel peabuanTaumun. OCHOBY OTAeNeHNs
cocTaBnfeT MyAbTUAWUCUMNANHAPHaA peabuanTauMoHHanA
KOMaHZa, B KOTOPYIO BXOAWUT Bpay Mo MeAWLMHCKOWN pe-
abuanMTaumn, He MeHee 2 CMeLMannCToB No GU3MYECKON
peabuanTauum, cneumanncTt no apropeabuanTaummn, Meam-
LUMHCKMIA ncuxonor/Bpay-ncmxotepaneBT, MeAULMHCKUN
noronej, MeAULMHCKaA cecTpa No MeAMLMHCKON peabuau-
Taumun. [leATeNbHOCTb OTAeNeHUA paHHel peabunmntauum
OLleHMBAETCA Ha OCHOBAHMM KpUTEpUEB KayecTBa M AOCTU-
YXeHUW OCHOBHO Lienn PeabUT — coxpaHeHune npeMopbus-
HOro cTaTyca COLMann3MpoBaHHOCTK NauueHTa. MayneHTs
¢ passuBwmMca NMNTC MapLIpyTU3MPYIOTCA Ha 3Tanbl peabu-
JINTaLMOHHOTO /IeYeHMA C UCMO/Ib30BaHWEM LLUKa bl peabum-
TaLMOHHON MapLIpyTu3aLnM Ha OCHOBE TeNeMeULNHCKNX
TEXHOMOM M.

KJFOYEBbBIE C/IOBA: peabunutauus, OPUT,
MY/AbTUANCLUMNAMHAPHAA peabuanTaumoHHas KOMaHAa,
MObUAM3aLMA, ANCCOMHUSA, PACCTPONCTBA INOTaHWA,
Ka4yeCTBO XW3HW, MOCTE/IbHbIA PEXUM
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Terms and Definitions

PICS (Post Intensive Care Syndrome) is a complex
of somatic, neurologic, and social-psychological compli-
cations that limits or reduces the quality of life. It develops
in patients after the treatment at the Department of An-
esthesiology, Intensive Care (ICU) that lasted more than
72 hours and requires rehabilitation [1-3].

PICs-P (Post Intensive Care Syndrome — Pediatrics)
is a Post Intensive Care Syndrome that develops in children
and the patient’s infant or adolescent family members [4].

Therapeutic Immobilization (TI) is a condition of an
artificially limited motor and cognitive activity of a pa-
tient caused by analgosedation. It aims to reduce meta-
bolic needs during the treatment of emergency conditions
in the ICU.

Therapeutic Deafferentation (TD) is an artificial re-
duction of perception (sensory organs) and proprioception
(internal organs) via drug-induced analgosedation.

Bed-Rest is an approach to a patient’s positioning,
which is applied as an immobilization component in the acute
period of the disease or early postoperative period. It is used
in ICU conditions as a method of therapeutic immobili-
zation.

Learned Non-Use is a mechanism of conditional and
unconditional reflex impairment associated with sensory
isolation and artificial limitation of the patient’s motor activ-
ity during the period of immobilization. It leads to the for-
mation of persistent multiple organ dysfunction manifested
as PICS syndrome (ICU-acquired weakness, dysphagia,
decrease in the gravitational gradient (GG), and cognitive-
sensory dissonance).

ICUAW is an ICU-acquired weakness that develops
in patients during immobilization. It is a complex of neuro-
muscular impairments (polyneuropathy and/or myopathy)
that are clinically manifested as general muscular weakness
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and peripheral limb paresis. The term Respiratory ICU-ac-
quired weakness should be used for long-term ICU patients
with difficulties in withdrawing from continuous mandatory
ventilation [5].

Dysphagia is a clinical symptom of swallowing im-
pairment, which causes discomfort or difficulty in passing
food from the mouth to the stomach. It develops because
of the failure of food passage from the mouth to the stom-
ach. The term post-extubation dysphagia (PED) or ICU-ac-
quired dysphagia is used for patients with tracheoesopha-
geal separation (endotracheal cannula and nasogastric tube)
with signs of dysphagia.

Cognitive-sensory dissonance is a condition of space,
time, and personality disorientation caused by therapeutic
deafferentation.

ICU-acquired dyssomnia is a sleeping disorder in ICU
patients associated with 24-hour special technological con-
ditions (constant illumination and noise).

Rehabilitation Potential (for ICU patients) is a possi-
bility of the preservation of the patient’s premorbid social-
ization status evaluated by the Rehabilitation Routing Scale
(RRS).

ICU Rehabilitation (RehabICU) is a complex therapeu-
tic strategy targeted to prevent and treat initial PICS mani-
festations in ICU patients performed by a multidisciplinary
rehabilitation team (MDRT) at the Early Rehabilitation Unit
(ERU).

Multidisciplinary Rehabilitation Team (MDRT)
is a team of specialists that cooperate to provide a complex
of therapeutic and diagnostic measures on the prevention
and treatment of PICS according to the Guidelines on med-
ical rehabilitation [5].

Gravitational Gradient (GG) is a maximal lifting angle
of a patient that does not lead to the development of ortho-
static insufficiency. The normal value corresponds to 90°,
i.e. physiological condition of the upright position.

1
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Orthostatic Insufficiency (OI) is a condition of the im-
paired mechanism of a vegetative control of GG that is man-
ifested as a loss of hemodynamic homeostasis when a patient
changes their position from a horizontal to vertical one.

Verticalization (VT) is a diagnostic and training pro-
cedure of controlled body verticalization for the evaluation
of GG and orthostatic insufficiency. As a component of mo-
bilization, verticalization targets the prevention and treat-
ment of GG impairments in patients that had bed-rest
for over 24 hours, regardless of the mental and motor status
of the patient.

Positioning (PT) or Postural Correction is a ther-
apeutic and preventive procedure. The patient is helped
to take the optimal positions that contribute to the pre-
vention of complications after immobilization (bed-rest
or premobilization period of a critical condition) and res-
toration of the mechanisms of GG and locomotion main-
tenance, in particular, upright posture. Positioning is based
on the method of management of postural muscular-tonic
reflexes involving ontogenetic mechanisms of balance
maintenance. Depending on the application, positioning
is divided into vertical and horizontal.

Vertical positioning (antigravity) (VP) is a method of pa-
tient’s vertical positioning for the maintenance or (and) res-
toration of normal GG and treatment of orthostatic insuf-
ficiency. VP aims to adapt the patient to the GG achieved
during verticalization maneuvers. As a rehabilitation mea-
sure, VP provides a gradual increase in the time of be-
ing at each point of GG achieved during verticalization.
It should become as close as possible to the target position-
ing (6-8 hours in the sitting position with periods of return-
ing to the horizontal resting position). It should be noted
that VP is associated with an increase in energy demands,
which limits the application of this method in the acute pe-
riod of critical condition when the strategy of metabolic rest
is applied.

Non-vertical (pressure-relieving) horizontal position-
ing (NVP) is a periodic change in the patient’s position
in a horizontal plane that substitutes the lack of patient’s
movements because of pathological (paresis, plegia)
or therapeutic (general anesthesia, analgosedation, myore-
laxant application) immobilization. NVP aims to prevent
the formation of abnormal postural sets and disturbances
in the microcirculation in the points of pressure on the skin
(shoulder blade, hind-head, sacral bone, trochanters, etc.)
against with bed. Timely and correctly performed NVP
reduces the risk of neurotrophic complications (decubi-
tus) silent aspiration, pathologic (pain) sensitization, joint
damage, and stricture formation. It contributes to the op-
timal lung ventilation and sputum clearance, provides
a comfortable medium for a patient and adequate percep-
tion of the surrounding space, and optimizes the conditions
for hygienic care manipulations. Unlike VP, NVP is not
associated with an increase in a patient’s energy demands.
Thus, it can be applied in the acute period of the critical
condition.
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Mobilization is a strategy of patient activity manage-
ment in the conditions of artificial immobilization and bed-
rest. It involves active and passive movements in all joints
and verticalization. Early mobilization is an increase in phys-
ical activity of an ICU patient in the period of 2 to 5 days
from admission.

Kinesiotherapy (KST) (Greek “kinesis” — movement +
therapy) is the primary method of therapeutic exercises
used by MDRT specialists during the mobilization of ICU
patients. It includes active and passive approaches depend-
ing on the level of consciousness and movement deficit.

Stretching. Passive stretching is a manipulation that in-
volves light stretching of ligaments and muscles during joint
gymnastics in ICU patients. It works as a short-term (up
to 10 seconds) fixation of muscle and ligament appara-
tus in a slightly stretched condition in the limiting range
of the anatomical movement of the joint. Stretching is per-
formed by a specialist in kinesiology as an element of pas-
sive joint gymnastics. During the stretching, the generation
of potential occurs as the primary element of the motor pro-
prioception, which imitates the effect of the active muscular
contraction, contributes to an increase in a patient’s wake-
fulness, and prevents the learned non-use effect.

Joint Gymnastics is a basic method of early mobiliza-
tion aimed to prevent hypokinesia as a trigger for the for-
mation of contractures during immobilization. Joint gym-
nastics can be performed by a patient themselves (active)
or with the help of a specialist in physical and rehabilitation
medicine (passive). The general principle of joint gymnas-
tics is in active (passive) continuous movements in the main
joints of the upper and lower limbs.

Handling is a series of manipulation with the body posi-
tion of a child to optimize its positioning. It is a therapeutic
and preventive manipulation. The patient’s parent (caregiv-
er) provides the optimal position on their hands with opti-
mal exposition to prevent complications during immobiliza-
tion in children from 0 to 3 years old.

Ergotherapy (Lat. ergon — labor, occupation, Greek
therapia — therapy) is a complex of measures that aim to re-
store self-care skills and independence in patient’s routine
life to the premorbid level.

1. Brief information on a disease or condition
(group of diseases or conditions)

1.1. Definition of a disease or condition
(group of diseases or conditions)

Acute period of critical illness, which requires ICU
therapy, corresponds to the lowest level of personal inde-
pendence of a patient in the evolutionary process of sa-
nogenesis. This occurs because of partial or complete loss
of self-sufficiency induced by ICU technologies of apparatus



monitoring that partially or completely substitute the pa-
tient’s vital functions. With successful outcome of the inten-
sive therapy, the patient will need to restore self-sufficiency
in everyday life, which can either return to the premorbid
level or decrease depending on the individual repara-
tive processes. The paradox of intensive care is in the fact
that a complex of life-saving technologies can lead to a long-
term and incomplete restoration of the quality of life.

Rehabilitation in the intensive care unit (RehablCU)...

The effect can be more significant than after the emergency
condition itself that required intensive care. This condition
is called Post Intensive Care Syndrome (PICS). This term
first appeared at the beginning of the 215t century in the ma-
terials of the conference on multidisciplinary cooperation
of reanimatologists and specialists in rehabilitation [1, 2].
The Russian term for PICS is “Syndrome Posledstviy
Intensivnoy Terapii” or “PITS” [3].

s

Table 1. Structure and Risk Factors for PICS (edited by A.A. Belkin)

No. PICS symptom Risk factors

PICS manifestation PICS complications

complexes inICU
1 Infectious and Trophic Complications
Nutrient deficiency Inadequate Decubitus Chronic trophic ulcers
positioning
Tracheotomy Respiratory tract Tracheoesophageal fistula
Long-term nasotracheal and orotracheal infections Sinusitis
intubation Post intubation tracheal stenosis

Long-term bladder catheterization

Urethral stricture
Epicystostomy

Urinary tract infection

Immobilization/bed-rest

Lower limb thrombosis
and embolism

Secondary trophic lesions and risk
of thromboembolism

2 Vegetative and Metabolic Complications

Chronic pain syndrome Inadequate analgesia
Underdiagnosis of pain triggers and pain

behavior

Chronic pain syndrome (visceral, musculo-
skeletal, arthral, neuropathic) that regresses
within 6 months after adequate specific
therapy

Persistent sympathetic
hyperactivity
(hypertension,
tachycardia, hidrosis,
paroxysmal attacks,

Night nutrition

Constant light

Premorbid:

Administration of hypnotics

Children:

Sleep/wakefulness regime disturbance
in infants and younger children

etc.)
Circadian dysregulation Analgosedation ICU-acquired Chronic dyssomnia that regresses within 1 year
ICU technological noise dyssomnia Long-term pelvic organ function disorders

Constipation
Urine retention

Children: Increased
irritability, tearfulness,
negative attitude

to medical personnel

Immobilization/bed-rest
Positioning with a bed head inclined down

Gravitational gravity
disturbance

Orthostatic
insufficiency

Disorders in static co-ordination, impaired
walking coordination that regresses
proportional to the duration of bed-rest up
to 6 months

Physical load tolerance
reduction

Premorbid status of low activity
Reduction of respiratory volume

and decrease in pulmonary vital capacity
Decrease in systolic output

Senior age

Immobilization/bed-rest

Nutritional deficiency

Reduced stamina
Oxygen dependency

Decrease in the routine activity

because of a persistent decrease in tolerance
to physical loads

Prognosis: improvement within a month
with residual activity deficit within 1 year

in 50 % of patients
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End of the tabl.

No. PICS symptom
complexes

Risk factors

PICS manifestation
inICU

PICS complications

3 Neuromuscular Complications

ICU-acquired weakness
(ICU-AW)

Immobilization/bed-rest
Body weight loss
Nutritional deficiency
Myorelaxant
Corticosteroids

Sepsis

Multiple organ failure

Decrease in muscle
strength, primarily

in hands

Peripheral tetraparesis

Persisting loss of muscular mass in 55-95 %
of patients aged 2-5 years old
Fine motor skills impairment

Decrease in the volume
of active movements
in large limb joints

Soft tissue contractures in the distal joints
(ankle, radio-carpal)

Spasticity in distal regions

Heterotopic ossification

Respiratory ICU-acquired
weakness [5]

Continuous Mandatory Ventilation (CMV)

with controlled mods
Immobilization/bed-rest
Pneumonia

Decrease in lung
vital capacity

and respiratory
dependence on CMV
Weakening of cough
reflex

Hypophonia

Decreased tolerance to loads,
elongation of withdrawal from CMV

ICU-acquired dysphagia
(learned non-use)

Tracheoesophageal separation
(tracheostomy, endotracheal tube)

for over 72 hours
Nutritional learned non-use
Premorbid:

Cerebral strokes in medical history

Silent aspiration
after decannulation
Impossibility of per
oral nutrition

Recurrent aspiration pneumonia
Cannulation

Gastrostomy

Body weight deficit, cachexy

Spontaneous recovery is possible within
2-4 weeks

4 Emotional and Cognitive Complications

Cognitive impairments

Emotional Impairments

Psychic Impairments

Premorbid psychic disorders and low

intellectual level
Sedation < -2 RASS score
Analgosedation
Immobilization/bed-rest

ICU-acquired cognitive-sensory

dissonance

Long-term CMV
Nutritional deficit
Hypoglycemia
ICU-acquired delirium
ICU-acquired dyssomnia

Recollections on the time spent in ICU

Female sex
Premorbid:

Application of antidepressants and/

or neuroleptics
Alcohol abuse
Children:

Primary behavioral pattern impairment
Inadequate communication with the child
Negative attitude to medical personnel

Long-term immobilization

Cognitive-sensory
dissonance: space,
time, and personality
disorientation

Memory and attention disorders, 30-80 %

of patients have cognitive impairments

that can persist for 1-6 years with incomplete
regression to the premorbid status

Retrograde amnesia

Executive functions impairments

Poor agility

Neurodynamics reduction

Loss of self-care skills

Executive functions decline to complete
apraxia

Agitation in 10-50 % of patients and 33 % of family
members: symptoms of depression
and anxiety, sleeping disorders can persist
for over 4 years

Anxiety Depression

ICU-acquired delirium

Subacute mental impairments
Increased risk of early dementia

5 Decrease in the Quality of Life in Comparison with Premorbid Status

Incapability to return
to a premorbid

way of life without
rehabilitation

Social status decline (reduction

of qualification, loss of job)

Limited independence in everyday life
(disability)
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Staying at the ICU or specialized units for intensive care
at the Traumatology, Cardiology, and Surgery Departments
is the 1¢t stage of treatment in a medical center for patients
with critical illness or at the early post-operative period af-
ter planned surgery or other therapeutic-diagnostic manipu-
lations that require all-day monitoring. The need for medical
rehabilitation at the 1%t stage of intensive care is determined
by the requirement in the prevention of PICS, which is directly
associated with ICU period [1, 7-9].

The data on the key symptom complexes, risk factors
for their development, and evolution in the post-reanima-
tion period are presented in Table 1. The data are collected
from various publications on PICS [9-15]. PICS includes
only those syndromes that do not have direct cause-effect
relations with patient’s critical condition that resulted
in the ICU hospitalization.

The terms PICS and chronic critical illness should not
be confused. They have different pathophysiological basis,
course of sanogenesis, and prognosis. PICS is known to pre-
dispose the development of chronic critical illness [16].

Despite a clear cause-effect relation between PICS
and ICU therapy, PICS cannot be considered an iatro-
genic complication from a physiological or legal point
of view [17].

1.2. Etiology and pathogenesis of the disease
or condition (group of diseases or conditions)

Pathophysiologically, immobilization syndrome (IS)
is based on the so-called learned non-use or artificial func-
tional inactivity. In short, functional inactivity and cognitive
isolation contribute to sensorimotor separation, i.e. disor-
ders in the integrity of conditional and unconditional reflex-
es [4]. The mechanisms of learned non-use are presented
in Figure 1.

Therapeutic immobilization (TI) contributes to the de-
velopment of learned non-use phenomenon. There are two
types of TI. The primary TI is a result of activity limitations
because of acute cerebral insufficiency (cerebral stroke,
craniocerebral injury, spinal cord injury; CNS infections
and intoxications, etc.) and neuromuscular diseases (poly-
radiculoneuropathy, myopathy, myasthenic crisis). The sec-

Immobilization

Bed-rest Paresis as a focal deficit

Learned non-use

Fig. 1. Mechanisms of the phenomenon of “learned non-use”

Reduction
of proprioception

Substitution and pain

Function extinction

Rehabilitation in the intensive care unit (RehabICU)...

ondary or therapeutic immobilization is a combination
of medical manipulations (bed-rest, sedation, myorelax-
ation, CMYV, etc.) [16].

Classic model of TIis bed-rest. It is a method of a pa-
tient’s positioning in the ICU proposed by an English sur-
geon John Hilton in the XIX century (On Rest and Pain:
a Course of Lectures on the Influence of Mechanical
and Physiological Rest in the Treatment of Accidents
and Surgical Diseases, and the Diagnostic Value of Pain,
1863) as the main therapeutic strategy of treatment for heavy
patients. In the XX century, this practice turned into im-
mobilization, which is an immobilized horizontal position
of a patient maintained by sedation and myoplegia that pro-
vides metabolic rest during critical impairment of perfu-
sion and oxygenation. TI contributes to the management
of the most serious problems in the intensive care:

pain relief;

improvement of cerebral microcirculation due
to a decrease in the resistance of cerebral vessels;
decrease in minute pulmonary ventilation;
reduction of pulmonary lesions in patients during
CMV;

m  decrease in the requirement in the oxygen concen-

tration in the inhaling air;

m coronary stress and ischemia reduction;

m prevention of falls and extubation.

Along with this, immobilization demonstrated various
multiple organs negative events that underlie PICS. Patho-
logical manifestations of TT are described in Table 2 [3, 8, 9,
12,13, 19].

Early and the most clinically significant complications
after TIinclude ICU-acquired weakness, ICU-acquired
dysphagia, a decrease in GG, cognitive-sensory dissonance,
and ICU-acquired dyssomnia.

ICU-acquired weakness (ICU-AW) is a combina-
tion of myopathy and polyneuropathy, which is mani-
fested as general muscular weakness. It is the main cause
of difficulties in withdrawing a patient from CMV. Unlike
other conditions that can lead to clinical manifestations
of neuromuscular weakness in ICU patients, ICU-AW is an
exceptional manifestation of PICS as an example of func-
tionally complete or partial inactivity. An example of such

Reduction of the area
of motor center

Learned
non-use
is a reversible
functional
effect

Compensation

Stereotype of non-use
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a mechanism is respiratory ICU-weakness in patients
on long-term CMV (over 7 days), which leads to difficul-
ties in transfer to spontaneous breathing in 25% of pa-
tients. The pathogenetic basis of this condition is a lesion
of the neuromuscular apparatus of the external breathing,
primarily the diaphragm, which thickness reduces by 25%
by day 7 on CMV [21].

Multi-organic insufficiency, fluid and electrolyte disor-
ders, nutritional deficit, and the application of myorelaxant
agents and glucocorticosteroids contribute to the progress-
ing of PICS [22, 23].

ICU-acquired dysphagia (learned non-use) is a clin-
ical symptom of swallowing function impairment, which
prevents adequate enteral feeding and decannulation
because of the risk of aspiration complications. ICU pa-

tients face neurogenic oropharyngeal dysphagia. Apart
from the described above mechanism of “learned non-
use”, long-term tube feeding, which excludes physiological
three-phase swallowing leads to a) post-extubation dyspha-
gia as a complication after long-term intubation that inter-
feres with a physiological rate of swallowing movements
(from 8 per hours during sleeping to 5 times per minute
during eating); b) dysphagia caused by the lack of sub-
glottic pressure during cannulation; ¢) dysphagia as a syn-
drome of ICU-acquired weakness [24, 25]. The application
of analgosedation, which includes morphine and diazepam,
contributes to the development of dysphagia [25].
Decrease in GG (Orthostatic Insufficiency). A redis-
tribution of the blood in the vascular system when the body
position changes from a horizontal to vertical one maintains

-

Table 2. The main side effects and complications of therapeutic immobilization

~

Musculoskeletal system Decreased myoprotein synthesis

Muscular atrophy and a decrease in the general body weight

Decrease in muscular force

Decrease in the tolerance to physical load

Shortening of tendons and contracture of joints with initial manifestations in 8 hours

Bone resorption and hypercalcemia 1% per week

Joint tenderness

Respiratory system

Decrease in the inspiratory pressure and vital lung capacity

Atelectasis

Pneumonitis

Cardiovascular system

Decrease in the overall size of the heart and left ventricle

Decrease in the venous compliance of lower extremity veins

Decrease in the cardiac output (CO), systolic output (SO), and total peripheral vascular resistance (TPVR)

Microcirculatory insufficiency

Decrease in the cardiovascular reactivity to the stimulation of carotid sinus

Metabolism Neurotrophic disorders

Insulin intolerance

Decrease in the activity of aldosterone and plasma renin

Increase in the levels of atrial natriuretic factor

Urogenital system Urine retention

Increased risk of infection

Urolithiasis

Gastrointestinal system Dysperistalsis

Constipation

Nervous system Orthostatic insufficiency
Cognitive isolation

Post-traumatic stress
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stable vital parameters in any body position in relation
to the gravitational field of the earth. The redistribution
of blood occurs relative to some hydrostatically indifferent
point, which is located several centimeters below the dia-
phragm level. This process is initiated by pulsation going
from the labyrinth semicircular ducts and pressoreceptors
in feet. In response to afferent stimulation, a complex re-
flex stereotype is executed. It targets an increase in the to-
nus of capacitance vessels below the diaphragm, a closure
of some functional tissue arteriovenous anastomoses, pri-
mary increase in the tonus of peripheral arteries, and pri-
mary decrease in the tonus of cerebral arteries. As a result,
the centralization of circulation occurs. It is characterized
by the state when 300-800 ml of the blood, that are de-
posited in the relaxed vessels, are redistributed to elevate
the preload and cardiac output. Increased mean blood pres-
sure (mBP) in combination with decreased resistance of ce-
rebral vessels provide normal cerebral perfusion pressure
and prevents orthostatic reactions.

When the primary mechanism turns to be ineffective,
a non-specific reflex occurs in response to hypotension:

s The afferent impulse from baroreceptors for a de-
crease in BP and systolic output activates a nor-
adrenaline-renin-aldosterone-angiotensin II cas-
cade according to adaptive responses manifested
as a constriction of limb arteries and celiac area
with an increase in the overall peripheral resistance
to the bloodstream.

An increase in the heart rate (HR).
Maximal persistent decrease in the tonus of cerebral
arteries.

s Reduction of fluids filtration to oliguria.

When the specified mechanisms cannot maintain grav-
itational gradient, orthostatic insufficiency (OTI) develops,
which is manifested as dizziness, visual impairment, cogni-
tive deficit, loss of consciousness, falls, and dysautonomia
(tachycardia, hyperhidrosis, pale skin, dyspnea, shoulder
and neck algospasm, oliguria). In an ICU patient, the risk
of OTI is increased by:

m a shock or other fluid and electrolyte disorders

that lead to hypovolemia;

a decrease in myocardial contractile capacity;
oxygen transportation impairment (hypoxia, ane-
mia, etc.).

ICU-acquired dyssomnia. Among other vegetative
disorders, issues with circadian rhythms occupy a certain
place in the structure of PICS. Circadianity is a natural
process that determines behavioral reactions in response
to the changes in illumination. They include cyclicity
of hormone production and sequence of sleep and wake.
ICU conditions inevitably lead to their changes. Such fac-
tors as constant illumination, all-day manipulations, noise,
night feeding, and other situations, that are normal for ICU
but not physiologically natural, contribute to the devel-
opment of these changes. Among the ICU “noises”, talks
among medical personnel can have a significant negative

Rehabilitation in the intensive care unit (RehablCU)...

effect on patient’s condition. Most other noises do not lead
to patient’s awakening but still reduce the depth of sleep
and cause its fragmentation. The developed dyssomnia
(sleep impairment) persists for a long time after the pa-
tient’s discharge from hospital. It contributes to a decrease
in the tolerance to physiological and mental loads as well ag-
gravates the course of cognitive-sensory dissonance, which
is another specific iatrogenic condition that determines
PICS.

Cognitive-sensory dissonance is a condition char-
acterized by an artificially reduced perception (sensory
organs) and proprioception (internal organs). Perception
impairment, in combination with disturbances of circadian-
ity caused by long-term hypnotic drug-induced condition,
provokes cognitive-sensory dissonance in ICU patients.
Because of the lack of familiar sensations (odors, touches,
relative’s voices), that are replaced by other negative and ag-
gressive stimuli (monitors noises, moaning and inadequate
speech of patients, rough replies of medical personnel, etc.),
the patient faces impairments in the associative sphere
and develops a condition of derealization and depersonal-
ization. The most severe manifestation of cognitive-sensory
dissonance is ICU-acquired delirium.

1.3. Epidemiology of a disease or condition
(group of diseases or conditions)

Physical complications after critical illness can develop
in 70 % of patients [9, 54]. The total rate of PICS is around
20% one year after ICU treatment [4, 15, 23]. Over 50 %
of all ICU patients with novel coronavirus infection
COVID-19 and 80 % of patients after CMV [10, 25], demon-
strate the development of PICS [11].

The rate of immobilization-induced complications
in patients with acute cerebral insufficiency (ACI) reaches
65-80%, and in general ICU patients that spend > 48 hours
in ICU, it reaches 55-60 % [14]. The rate of ICU-acquired
weakness in adult ICU patients who spent > 2 weeks
on CMV with sepsis or multiple organ failure is 46 % [15].
Around 50 % of patients with ARDS aged 45 years old can-
not work within a year, and 33 % of patients have persistent
disability. The first year mortality ranges from 26 to 63 %.
Around 50 % of patients need assistance within the first year
after the discharge [13].

Around 60% of intubated patients show the signs
of dysphagia, and around 50 % of intubated patients have
aspiration. In 1/3 of orally intubated patients with acute
respiratory distress-syndrome (ARDS), dysphagia per-
sists after discharge. In 23% of such patients, it remains
within 6 months after discharge. Over 60% of patients
with acute respiratory failure (ARF) have swallowing im-
pairments after CMV [33]. To compare, only 30 % of pa-
tients with cerebral stroke have primary neurogenic
dysphagia [28].

Cognitive deficit is observed in 30-80% of patients.
It persists up to a year and may not completely regress
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to the premorbid level [15]. Not less than 10-50 % of pa-
tients experience symptoms of depression, anxiety, and
long-term persisting sleep impairment [29].

1.4. Peculiarities of PICS coding in the International
Classification of Diseases

PICS does not have its code in the ICD-10. The follow-
ing codes can be used to describe its manifestations:

s T98.1 Sequelae of other and unspecified effects
of external causes
R13. Dysphagia
F05.8. Other delirium.
G47.2. Disorders of the sleep-wake schedule
G62.8. Other specified polyneuropathies
G72.8. Other specified myopathies
G97.8. Other post-procedural disorders of nervous
system

Some specialists believe PICS should be included
in the International Classification of Diseases (ICD). Cur-
rently, specialists are actively searching for adequate com-
binations of codes, which opens perspectives in the per-
sonalized evaluation of the dynamics of patient’s condition
during step-by-step rehabilitation [16].

1.5. Classification of diseases or conditions
(groups of diseases or conditions)

Despite an increasing number of high-quality publi-
cations, there is still no international clinical classification
of PICS (except single publications) [30]. The most accept-
able variant for practical application is proposed by spe-
cialists of the Union of Rehabilitologists of Russia together
with the Federation of Anesthesiologists and Reanimatol-
ogists of Russia. This approach on the evaluation of PICS
using clinimetric scales allows the specialists to identify
the main modalities of the symptoms and estimate their
evolution during the treatment (see further).

1.6. Clinical picture of the disease or conditions
(group of diseases or conditions)

Clinical picture of PICS is determined by the expres-
sion of its separate components detailized by the mem-
bers of MDRT. For a resuscitator, a general picture is acute
that motivates to expand the rehabilitation process and de-
cide on further rehabilitation routing of a patient. A typical
picture of ICU-acquired weakness can be observed in a pa-
tient in week 3-4 after the extended CMV. The volume
of muscular mass and muscular force decrease, a patient
cannot lift arms and legs or can hardly do that. The ob-
served paresis is symmetrical and can prevail in both prox-
imal and distal segments of the limbs. Pathological upward
bending of the ankle (equinus) is registered. Rarely, paresis
is observed in the oculomotor, mimic, and bulbar muscles.
Muscular tonus and tendon reflexes are symmetrically re-
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duced or absent. In the distal segments of limbs, a reduc-
tion in pain, thermal, and vibration sensitivity is observed.
The skin of patients is dry and peeling. They have dermal
derivatives with signs of trophic impairments. The above-
mentioned symptoms indicate a combination of two syn-
dromes: symmetric peripheral tetraparesis and neuro-
muscular respiratory failure. After a withdrawal from CMV,
spontaneous breathing is characterized by dyspnea with
minor breathing volume, and the patient is anxious.
During the lavage of the tracheobronchial tree, a reduced
cough impulse is observed as a manifestation of decreased
strength of respiratory musculature. For this reason, in com-
bination with phase 1-2 swallowing impairment, trans-
fer to per os feeding and decannulation is postponed. Pa-
tients experience disorientation in the current condition,
place, and time. Often, they develop retrograde amnesia.
The patient is reluctant to communicate or has difficul-
ties with communication. The reaction to communication
is slow and barely emotional. Patients have poor sleep qual-
ity and reduced appetite. Attempts of verticalization lead
to the development of orthostatic insufficiency.

Clinically, PICS is like chronic critical illness (CCI) [16]
but these two conditions are essentially different. CCI is
a long-term multiple organ failure accompanied by the pre-
vailing vital functions failure. PICS is a complex of symp-
toms that develop after acute condition relief, which com-
plicates the recovery of the patient to the premorbid status.

2. Diagnostic of PICS

Recommendation 1. It is recommended to evaluate
the signs of PICS every 24 hours in patients of any age
that spent over 48 hours in the ICU by all members
of MDRT based on the clinical examination score (Annex-
es 2-14) [37-40] (level of evidence — 4, grade of recom-
mendation — C).

Comments. The interpretation of results during diagnostic of PICS
should include symptoms that are not associated with the primary
disease. For example, signs of ICU-acquired weakness, dysphagia,
depression, cognitive impairments, and dyssomnia in patients
that had critical condition non-associated with central nervous
system lesion are interpreted as manifestations of PICS. The cri-
teria of PICS diagnostic are outlined in the National Guidelines
on Intensive Care [41-43). The analysis of the application of var-
ious clinimetric scales for the diagnostic and evaluation of PICS
dynamic by MDRT specialist in 26 British intensive care hospitals
during the pandemic confirmed their non-specificity (in the critical
condition assessment) and sensitivity (in the dynamics assessment)
during short-term ICU stay [30]. This provides the basis for upscale
methodological approaches to PICS described in the National
Guidelines, although they have not been fully validated yet [42].
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Table 3. A set of wedge and metric scales and distribution under the competencies of MDRT specialists

~

complications

Respiratory infections

Urological infection

No. Modality Type Clinical Normal Designated
of symptoms measurement ' value MDRT specialist
1 Infectious Decubitus Clinical and laboratory data, Lack of clinical
and Trophic specific scales and metrics and laboratory

manifestations

Anesthesiologist-
reanimatologist (AR, doctor)

2 Vegetative
and Metabolic
Complications

Pain

BPS (Annex 2) 0/0
NIPS (children > 3 years old)

(Annex 3)

FLACC (children = 3 years old)

Eland body tool (children

37 years old)

AR (doctor)

Physical medicine

and rehabilitation physician
(PRM physician, doctor)

Circadian rhythm
impairment: dyssomnia

Sleep Quality Inventory 0
(including children > 7 years old)

PRM physician (doctor)

Decrease
in gravitational gradient

Verticalization test in bed (semi-
orthostatic test, sitting in the bed
with legs down on the floor)
(including children = 7 years old)

PRM physician (doctor)
Specialist in PM&R

Decrease
in the load tolerance

Borg scale (including <4
children = 14 years old)

PRM physician (doctor)

Metabolometry

AR (doctor)

Nutritional
insufficiency

NRS scale (nutritional risk)

PRM physician (doctor)
AR (doctor)

Body mass index deficit

Body Mass Index (BMI) >18

AR (doctor)

3 Neuromuscular
complications

ICU-acquired weakness
(ICU-AW)

MRC scale (Annex 4) (including >3
children = 14 years old)

in all the limbs

PRM physician (doctor)

Dynamometry (including Male >10kg Specialist in PM&R
children = 14 years old) Female > 6 kg
Respiratory ICU-acquired ~ Tobin Index (Annex 5) >100 AR (doctor)
weakness
ICU-acquired dysphagia Dysphagia outcome and severity 0 Speech and
(learned non-use) scale (DOSS) Language Therapist (SPL)
3-ounce water swallow Positive MR Nurse
test [Annex 6] ICU Nurse
4 Emotional Memory and self- A set of special tests (FAB, MMSE, Clinical Psychologist
and Cognitive orientation impairments MOCA)
Complications Delirium/Hallucinations ~ RASS scale 0-1 AR (doctor)
Anxiety/Depression HADS (including 0 Clinical Psychologist
children = 14 years old)
Express test of PICS in patients
Mobility Rivermead Mobility Index >6 AR (doctor)
(Annex 7) (including
children > 14 years old) [143]
Communication Hodkinson scale (Annex 8) [142] >7

! The text of the present methodical recommendations (Annexes 2-14) include only those clinical measurements that are used by MDRT

specialists together with an anesthesiologist-reanimatologist. The rest scales and methods mentioned in the Table are described in the respective

specialized guidelines.
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Table 3 shows a complete list of clinimetric scales, normal values,
and specialties of MDRT specialists responsible for the control
and interpretation of the data according to the respective scale.
The general rule of PICS diagnostic: the deviation from the normal
clinimetric score should not be associated with the primary disease
that led to the ICU hospitalization.

Recommendation 2. It is recommended to apply
non-validated index of PICS severity by the members
of MDRT for the diagnostic and dynamic assessment
of PICS in adult ICU patients (Annex 9) [44] (level of evi-
dence — 5, grade of recommendation — C).

Comments. The calculation of PICS index is performed based
on the sum of symptom ranging revealed by the members
of MDRT. The score 0-10 shows the development of PICS, severity,
and effectiveness of rehabilitation manipulations.

Recommendation 3. It is recommended to assess
the condition of adult patients and PICS severity using
express PICS-index (Annex 10) before transferring adult
patients from ICU (level of evidence — 5, grade of recom-
mendation — C).

Comments. PICS express test is a minimal set of clinimetric
scales sufficient for PICS screening by AR if there is no licensed
department of early rehabilitation (or other organization for MDRT
specialists’ service) in a hospital. Express assessment is performed
during the primary examination of a patient considering the data
on the premorbid status and a transfer of this patient from ICU.
The score is positive if a patient does not meet at least one normal
value of mobility or/and communication, and this is not associated
with the primary critical illness.

Recommendation 4. It is recommended to use the fol-
lowing criteria for PICS diagnostic in ICU patients of all
ages:

@ Generalized muscular weakness, which developed during
the critical illness;

@ Diffuse muscular weakness, which involves proximal

and distal muscular groups, symmetric, weak paresis (usu-

ally without the involvement of cranial nerves);

MRC score (Annex 4) < 12 or mean MRC score sum < 4,

which is revealed twice at > 24-hour interval;

Decrease in the strength according to dynamometry re-

sults (including children = 14 years old): men < 11 kg, wom-

en < 7kg.

& Difficulties in withdrawal from CMV (after the exclusion
of pulmonary or cardiac causes);

 No other causes for neuro-muscular impairments [21, 23]
(level of evidence — 3, grade of recommendation — B).

)

)
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Comments. |CU-acquired weakness is the most common and se-
vere manifestation of PICS, which was shown by COVID-19 expe-
rience [19]. Thus, its diagnostics should be clear and reproducible
not only for MDRT but also for AR [42].

Recommendation 5. It is recommended to use rapid
shallow breathing index (Tobin Index) for the diagnostic
of respiratory ICU-acquired weakness in adult patients
on CMV [27, 32] (level of evidence — 3, grade of recom-
mendation — B).

Comments. TobinIndex (Annex 5) is a rapid shallow breathing in-
dex (RSBI). This index demonstrated effectiveness in the evaluation
of respiratory muscle failure in patients after CMV during a transfer
to spontaneous breathing [1]. Tobin Index has several advantages:
high sensitivity (0.97) and specificity (0.64), it is easy to evaluate;
it does not depend on the effort and cooperation of the patient,
and has a high prognostic value [27, 28]. The establishment of high
RSBl in a patient with other normal parameters of pulmonary me-
chanics is a sign of respiratory muscle weakness, i. e. respiratory
ICU-acquired weakness [33].

3. Prevention and Early Treatment of PICS in ICU

To prevent PICS, specialists of the Union of Rehabilitolo-
gists of Russia together with the Federation of Anesthesiologists
and Reanimatologists of Russia proposed a rehabilitation com-
plex “RehabICU” [41, 42]. RehabICU aims to preserve premor-
bid status of patients’ socialization by preventing the PICS syn-
drome, which develops because of immobilization, cognitive,
and socially routine limitations. These limitations are inevitably
associated effects patients face during intensive care that are es-
sential for the treatment and resolution of the critical state.
In the English-language publications, this complex is called
“Awakening and Breathing Coordination, Delirium monitor-
ing/management, and Early exercise/mobility” (ABCDEF)
bundle [37].

The first upscale experience of the application of re-
habilitation technologies in ICU was obtained during
COVID-19 pandemic, when major ICU centers had teams
of early rehabilitation organized. The results of Rehab-
ICU show a decrease in the requirement for further stag-
es of rehabilitation and an increase in the quality of life
of the survived patients [30, 40].

Recommendation 6. It is recommended for ICU patients
of any age, that spend > 48 hours in the ICU, to receive
prevention of PICS syndrome regardless of the disease
nosological entity, type of surgical intervention, severity
of the condition, and respiratory status [35, 38, 46] (level
of evidence — 2, grade of recommendation — A).



Comments. The main syndromes that indicate PICS include [19,
21,29, 50, 54]:

m /CU-acquired weakness: diffuse reduction of strength
in the limbs.

m Respiratory ICU-acquired weakness, which leads to the elon-
gation of respiratory support caused by the weakness
of respiratory muscles and diaphragm.

m A decrease in the load tolerance (weakness) and dyspnea
in patients after minimal physical activity associated
with post-pneumatic fibrosis.

m Complications caused by bed-rest and prone position:
brachial plexus damage, “foot drop”, early plantar flexion
contracture, and decubitus.

m Orthostatic insufficiency during attempts at partial ver-
ticalization.

Urine passage impairment and tendency to urolithiasis.

m Constipation.

m Complications developed after learned non-use: dyspha-
gia caused by tracheoesophageal separation (feeding
tube + endotracheal tube or tracheostoma).

m Delirium.

m Chronic pain syndrome (musculo-articular, neuropathic).

m Emotional and cognitive impairments (depression, wors-
ening of memory).

m Dyssomnia.

According to various multicenter studies [44, 46], a combi-

nation of PICS signs into technologic therapeutic and diagnostic

n o«

modules “positioning and mobilization”, “prevention of dysphagia

n o«

and nutritional deficiency”, “prevention of emotional and cog-
nitive impairment and delirium”, “prevention of loss of self-
care skills” can provide diagnostic screening and a complete
spectrum of rehabilitation care to ICU patients. The algorithm

of cooperation between AR and MDRT is described in Annex 1.

Recommendation 7. It is recommended to perform
a daily individual program of rehabilitation for all ICU
patients. The program should last not less than 1 hour
and not more than 3 hours considering the status of con-
sciousness and the level of mobility, and paying special
attention to the respiratory status of a patient to prevent
PICS [35, 36, 39, 40] (level of evidence — 3, grade of rec-
ommendation — B).

Comments. Depending on the possibility of patient’s partici-
pation in the rehabilitation measures (severity of the condition,
level of consciousness), the rehabilitation should be performed
in an active, passive, and active-passive regimens. The program
of rehabilitation [35] should include a combination of meth-
ods of kinesiologic manipulations (positioning, verticalization,
mobility, velokinetic loads, and electroneuromyostimulation)
as well as practices of clinical psychologists, ergotherapists,
and medical SPL [37)]. The specific weight of kinesiometric chro-
nometry (KST) should be not over 50 % [39]. The nomenclature
of the main and adjuvant kinesiotherapeutic practices is presented
inAnnex 11.

Rehabilitation in the intensive care unit (RehablCU)...

Recommendation 8. Daily rehabilitation is not recom-
mended for patients who spent less than 48 hours in ICU,
including those who underwent intubation, CMV, and un-
complicated cardio surgical intervention [46] (level of evi-
dence — 3, grade of recommendation — B).

3.1. Positioning and Mobilization

Recommendation 9. It is not recommended to start
rehabilitation manipulations on mobilization and ver-
ticalization if a patient has absolute contraindications.
The contraindications should be evaluated daily regardless
of the presence the day before (Annex 12) [47-49] (level
of evidence — 3, grade of recommendation — A).

Recommendation 10. It is not recommended for ICU
patients of all ages to perform rehabilitation measures
on mobilization and verticalization without proper he-
modynamic monitoring because of the risk of Rehabl-
CU complications [47-49] (level of evidence — 3, grade
of recommendation — A).

Recommendation 11. It is recommended to stop reha-
bilitation procedures on mobilization and verticalization
in ICU patients of all ages when their monitored parame-
ters deviate from the norm and STOP-signs develop (An-
nex 12). It will prevent RehablCU complications [47-49]
(level of evidence — 3, grade of recommendation — B).

Comments. STOP-signs include signs that show the maximal rate
of reproducibility obtained during a thorough analysis of publica-
tions and clinical experience of ICU departments that use clinical
recommendations of the Union of Rehabilitologists of Russia
together with the Federation of Anesthesiologists and Rean-
imatologists of Russia during the novel coronavirus infection
(COVID-19) pandemic [43, 44]. The presence of STOP-signs
is evaluated by non-validated specialized BPS scales (Annex 4).
If any of these symptoms appear, RehablCU should not be started
or should be stopped. If STOP-signs develop during verticaliza-
tion, the procedure should be stopped and the patient should be
returned to the initial position (lower by 200) or lower to 0° with-
out stopping at the angle of elevation [65]. In children, sedation
is an obstacle to early mobilization. Sedation in children differs
from sedation in adults because of safety issues and evaluation
of pain and anxiety in small children [67]. The level of evidence
of the signs specified in the Table is not higher than C. But it is dif-
ficult to obtain qualitative evidence for patients in ICU be-
cause of ethical issues of the formation of the control group in such
studies.
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Recommendation 12. It is recommended to perform
passive leg raising test (Annex 13) in adult ICU patients
before the beginning of each session of manipulations
on mobilization and verticalization for the evaluation
of the risk hemodynamic STOP-signs during these pro-
cedures [56, 57] (level of evidence — 3, grade of recom-
mendation — B).

Comments. On the one hand, positive passive leg raising test
shows hypovolemia, which will lead to orthostatic insufficiency
during verticalization, which is unfavorable in patients in critical
condition. On the other hand, this situation should not be consid-
ered an absolute contraindication for mobilization. The causes
andthe plan of euvolemia restoration should be evaluated. If the re-
sults are negative during the repeated testing, the realization
of the rehabilitation plan should be resumed [56].

Recommendation 13. It is recommended to perform
non-vertical positioning (handling for children) for ICU
patients of all ages within the 1st day in the ICU. It should
be made by changing the position of limbs and body
of the patient in relation to the horizontal plane depend-
ing on the status of verticalization not rarer than every
two hours (except for night sleep) to prevent compli-
cations after therapeutic immobilization [59, 62] (level
of evidence — 3, grade of recommendation — B).

Comments. Unlike mobilization, non-verticalizing position-
ing does not have absolute contraindications. It should be
applied starting from day 1 regardless of the volume of other
modalities of early rehabilitation by the medical personnel
in charge [65]. Positioning is used for gravitational stimula-
tion during the head bed end elevation. Thus, the head bed
end should always be elevated > 300. Consecutive changes
of the body position of the patient are made on a three-section
bed with the formation of the position according to the status
of verticalization. The manipulation aims to enable the pa-
tient to spend more time in the semi-sitting or sitting position
(elevated head bed end and lowered feet bed end). The spe-
cialists help patients to change poses when lying on the bed
(on the right and/or left side, or on the back), on an elevat-
ed head bed end, or in a sitting position. It should be noted
that bending should be made in the pelvic joints and not
in the thoracic and lumbar sections. To avoid reflex impair-
ments of the muscular tonus, the supine body position should
always be symmetrical. Body position on the side contributes
to better drainage function and prevents sputum retention [64].
Positioning on an elevated head bed end and in a sitting posi-
tion with complete support increases the breathing capacity
and contributes to effective expectoration [65]. In all cases,
free feet drop should be avoided using any support for irrita-
tion of the feet receptors. It should be remembered that none
of these variants of positioning is ideal. Any of these posi-
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tioning variants have their indications and contraindications.
The specialists should choose the optimal poses and their
sequence individually. This will prevent complications and pro-
vide safe early mobilization and verticalization of a patient.
It is necessary to consider individual tolerability and STOP-signs
(Annex 12).

Recommendation 14. It is recommended to start active-
passive mobilization, including verticalization and verti-
cal positioning, in all ICU patients of all ages not earlier
than 24 hours and not later than 72 hours after the onset
of critical Illness (postoperative period) or directly af-
ter deciding on the lack of contraindications to the begin-
ning or continuation of mobilization (Annex 3) to prevent
complications after immobilization [73, 140] (level of evi-
dence — 2, grade of recommendation — B).

Comments. Early mobilization is an element of rehabilitation pro-
cess for patients in the ICU [35, 42]. Early mobilization is a process
of improvement of a patient’s functional activity, in particular,
a patient’s ability to turn in bed, sit, stand up, and walk as soon
as possible. Minimal but self-maintained muscular activity prevents
the development of muscular atrophy as an early sign of immo-
bilization syndrome. Rehabilitative activities on mobilization
of ICU patients are divided into two types regarding involvement
of the patient. The first type is active; it is used for patients capable
of cooperating with MDRT specialists. The second type is passive;
it is used for patients with low quantitative and/or altered quali-
tative level of consciousness.

During the planning of daily activities, MDRT specialists eval-
uate the patient’s condition using mRMI-ICU scale (Rivermead
mobility index) (Annex 7). The score shows patient’s mobility. To-
gether with the level of consciousness, this score is used to create
amodel that is used as a basis for the development of the mobili-
zation program [35-44].

Recommendation 15. It is recommended to use kinesio-
therapeutic methods (active-passive movements in all
joints with stretching, active-passive veloergometry, sit-
ting up with support, keeping balance in a sitting position,
walking to a chair, keeping balance in a standing position,
walking in place) for the mobilization of all adult ICU pa-
tients [38, 58, 76] (level of evidence — 2, grade of recom-
mendation — B).

Comments. Mobilization is one of the rehabilitative interven-
tions, which facilitates the movements of patients and increases
the consumption of energy to improve the outcomes. Mobilization
optimizes respiration, central and peripheral perfusion, muscular
metabolism, and reduces the risk of venous clotting in the lower
limbs.

Passive mobilization for non-cooperative patients in-
cludes a series of 10 repetitions of passive movements (pas-
sive articular gymnastics) in each major joint (interphalangeal,



radio-carpal, ulnar, shoulder, pelvic, knee, ankle, and interme-
tacarpal) with light stretching in the limiting points of a physio-
logical volume of movements. There manipulations are performed
by a PRM specialist not less than twice a day. Besides, passive ki-
nesiotherapy can be performed using mechanical simulators (in-
cluding robotized) that provide cyclic training for separate joints
and have sensors for the evaluation of the patient’s contribution
in the active-passive mode. Passive-active velokinesis with a bed-
side veloergometer for lower/upper limbs with the function of re-
verse movement and dosed resistance can be used as a preparation
for verticalization.

Active kinesiotherapy is a series of exercises with active in-
volvement of the patient for the maintenance and an increase
in the movement activity necessary for verticalization. Active mo-
bilization aims to train the patient and control available self-pro-
duced movements of the patient in all joints (active articular
gymnastics) that include 10 repetitions 3-6 times per day. The re-
alization of this recommendation will be affected by the qual-
ity of the organization of rehabilitative/mobilization measures
in the ICU [16].

Recommendation 16. Kinesiotherapeutic procedure< 30 mi-
nutes per day are not recommended for adult ICU pa-
tients because of their low effectiveness [55, 58] (level
of evidence — 2, grade of recommendation — B).

Comments. Maximal effect (reduction of CMV time) was achieved
in patients that received > 30 minutes of daily exercises, includ-
ing cyclic veloergometry [55]. Exercises < 20 minutes in patients
on CMV per session and less than twice a day are ineffective.

Recommendation 17. It is recommended to include ex-
ercises with individually chosen gradually increasing level
of graded load for ICU patients of all ages (simple limb
raising, limb raising with load, overcoming resistance
of elastic belts for the prevention and loss of muscular
mass and decrease in the load tolerance) [78] (level of ev-
idence — 2, grade of recommendation — B).

Comments. A meta-analysis [78] showed that the inclusion
of exercises for resistance overcoming contributes to the pres-
ervation of muscular mass in the conditions of the therapeutic
immobilization of a critical patient, provided the protein con-
sumption is > 1.3 g/kg/day. The prevention of PICS without mus-
cular activity is less effective even if the protein-energy balance
is adequate.

Recommendation 18. It is recommended to perform pas-
sive verticalization for ICU patients of all ages with low
level of self-mobility based on the technical possibilities
to prevent orthostatic insufficiency [40, 59, 60] (level
of evidence — 2, grade of recommendation — B).

Rehabilitation in the intensive care unit (RehablCU)...

Comments. This section of mobilization takes a special place
in the structure of RehabICU because it significantly reduces
negative effects of bed-rest and prepares the patient for trans-
fer from ICU to another department as soon as possible [61].
A detailed protocol of verticalization is presented in the respec-
tive clinical recommendations [60] [http://rehabrus.ru/index.
php?id=55]. During the procedure, a continuous multimodal
monitoring should be performed for early diagnostic of STOP-signs
(Annex 5).

Recommendation 19. It is recommended to perform daily
manipulations on the verticalization with further position-
ing for ICU patients of all ages. The manipulations should
start with a head bed end elevation (30-60°) to a sit-
ting position with patient's feet lowered to the floor
and standing nearby the bed for gradual restoration
of GG [59, 61, 62] (level of evidence — 3, grade of rec-
ommendation — B).

Comments. Maximal point of the head bed end elevation (the up-
per part of the body) regarding the horizontal plane that does
not provide orthostatic insufficiency is called patient's GG [35].
In healthy people, it is 900 and corresponds to the standing
position. Standing is the best position of the body for effective
respiration and maintenance of lung capacity. Until a patient
feels well, they need to increase gradually the time of stand-
ing. The higher is GG and the time of patient in it, the lower
is the risk of aspiration, decubitus, ICU-acquired weakness, con-
tractures, pathological (painful) sensitization, and other PICS
factors.

Patients with spontaneous breathing and patients on CMV
should aim to maintain maximally long vertical antigravitation
positioning at the level of GG [59] achieved during passive ver-
ticalization. In cooperative patients, GG is evaluated by the in-
dividual request of a patient. Such patients should be trained
to bend forward. This is a position that allows the gravity force
to help drain excretion from the posterior-inferior segments
of the lungs.

The manipulations on verticalization should last 30 minutes
3times a day. The duration of the procedure depends on the tol-
erability. Still, it should be more than 15 minutes. For example,
the elevation of the head bed end to 60° (lower edge of the pil-
low should be above the scapulae to avoid excessive tension
of the head and neck, a pillow should be placed under the popli-
teal space to relax the abdomen and lower limbs). In any position,
the head should be in the position along the midline to prevent ob-
stacles in the venous outflow, secondary increase in the intracrani-
al and intraocular pressure, as well as an increase in the patholog-
ical muscular tonus in the paretic limbs [65]. In younger children
(0-6 years old), verticalization starts from 0-10° to the level
of verticalization that is suitable for the patient’s age. It is per-
formed on parents or caretaker’s hands with handling manipula-
tions [68].
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Recommendation 20. It is recommended to use the met-
hod of selective respiratory training of the main and ad-
ditional inspiratory muscles for adult patients on CMV,
including special static and dynamic respiratory exercis-
es like manual or apparatus percussion therapy (VEST)
for the prevention of respiratory ICU-acquired weak-
ness [65] (level of evidence — 2, grade of recommenda-
tion — B).

Comments. Procedures that target a reduction of dyspnea, im-
provement of tracheobronchial clearance, training of the skeletal
muscle, and maintenance of the level of self-care are indicated
during the period of transfer to spontaneous breathing. Right
after the transfer, an expiration with positive pressure can be
used. It is feasible to use simulators of stimulating spirometry
(like Akapella, Coach), equipment with high frequency intra/
cardiopulmonary fluctuations (for example, TheVest, MetaNeb,
Percussionaire), and electrostimulators of the diaphragm and in-
tercostal muscles [44, 65, 73]. It is effective to use speaking valve,
which creates useful air resistance and contributes to the improve-
ment of emotional status of the patient, to restore vocal breath-
ing [106-108]. All these manipulations have limitations in patients
with the novel coronavirus infection because of the risk of infection
to the personnel [40].

Recommendation 21. It is recommended to perform re-
spiratory exercises, in particular, CPAP-therapy and active
exercises on diaphragm (deep) breathing, in adult patients
after cardiosurgical interventions to prevent hypoventila-
tion [69, 70] (level of evidence — 2, grade of recommen-
dation — B).

Comments. According to some studies, routine respiratory exer-
cises did not prove to be effective after uncomplicated coronary
artery bypass grafting [71]. However, it was established that pa-
tients, that did exercises on deep breathing after surgery, had sig-
nificantly smaller atelectatic areas and better pulmonary function
on the fourth post-operative day in comparison with the control
group where patients did not perform such exercises [72]. Oxy-
genation was significantly elevated in patients that performed
30 deep inspirations within the first two post-operative days
in comparison with the control patients that made 10 deep inspi-
rations per hour [73].

Recommendation 22. It is recommended to perform dai-
ly sessions of spontaneous breathing during the sedation
withdrawal in combination with verticalization manipula-
tions added with active exercises for upper limbs to pre-
vent respiratory ICU-acquired weakness in adult patients
on CMV [74-76] (level of evidence — 3, grade of recom-
mendation — B).

24

Comments. [ssueswith CMV withdrawal are associated with the in-
capability of respiratory muscles to restore lung ventilation [64].
High effectiveness of respiratory muscles (ratio of load and muscu-
lar capacity (PI/PI max)) is the main cause of patients' dependence
on CMV and a predictor of successful withdrawal from CMV. This
is contributed by insufficient lung ventilation, respiratory mus-
cles weakness, respiratory muscles fatigue, enhanced breathing,
or cardiac failure [62, 63]. Dysfunction of respiratory muscles
in mechanically ventilated patients is observed in 80 % of ICU
patients, which indicated a decrease in the transdiaphragmatic
pressure by 2-4 % per day within the first week of the ICU [73].
This observation confirms the suggestion that well-balanced
periodical load on respiratory muscles during mechanical ven-
tilation can be useful to prevent atrophy. It was shown that such
methods of induction of (interrupted) load on respiratory muscles
as spontaneous breathing and early mobilization increase muscular
strength. In patients that were withdrawn from CMV, adding exer-
cises for upper limbs enhanced the influence of general mobiliza-
tion on the parameters of fatigue resistance during physical load
and dyspnea [77].

Recommendation 23. It is recommended to apply elec-
trostimulation of muscles to prevent short-term and re-
mote complications of PICS in adult patients with long-
term hospitalization, including patients on CMV [79] (level
of evidence — 2, grade of recommendation — B).

Comments. Electrical stimulation of muscles (EMS) was studied
as a method of treatment to prevent ICU-acquired weakness.
Itincludes the application of percutaneous electrodes on the skin.
These electrodes activate the underlying nerves for the creation
of isometric muscular contraction. The treatment includes minimal
Jjoint movements and does not require cooperation with the patient.
EMS therapy applied during the study lasted 30—-60 minutes daily
for at least 4 days. Three systematic reviews, that included 8 ran-
domized studies, showed that EMS can be an effective manipulation
for critical patients and contribute to the maintenance of muscular
mass in the ICU conditions, especially in patients on CMV with long-
term ICU stay [79, 80]. The meta-analysis contained 6 randomized
clinical studies that included 718 patients. There were no signifi-
cant differences between EMS and regular therapy by the global
muscular strength, lethality rate, and ICU time in comparison
with standard rehabilitation of critically ill patients. On the con-
trary, the results of another meta-analysis [81], which included 11
randomized controlled studies and 576 patients, showed that early
application of EMS in ICU patients reduced the time of CMV, ICU
time, and general number of bed-days in the hospital. In the future,
it can have a positive effect on the quality of patient’s life due
to the improvement of a patient’s capacity to perform routine
activities. However, there is no evidence that EMS can improve
the functional status of ICU patients during hospitalization, con-
tribute to early awakening after general anesthesia, or decrease
lethality (p > 0.05).



Recommendation 24. It is recommended to perform
medicinal modulation (inosine + nicotinamide + ribofla-
vin + succinic acid) in adult ICU patients with signs of PICS
to increase the effectiveness of mobilization [82] (level
of evidence — 3, grade of recommendation — B).

Comments. The only study dedicated to the influence of medicinal
effect on the effectiveness of PICS therapy showed that a com-
bination of kinesiotherapeutic manipulations and infusion injec-
tion of Cytoflavin did not influence the rate of restoration of GG
during verticalization. Still, metabolography results lead to an
increase in the consumption of oxygen. The authors concluded
that the application of drugs with components of energotro-
pic effect can have a positive modulating effect on an increase
in the tolerability of rehabilitation measures on the prevention
of PICS in various categories of patients [82].

3.2. Prevention of nutritional deficit
and postextubation dysphagia

Recommendation 25. It is recommended to evaluate
nutritional status of adult ICU patients using NRS 2002
scale as an obligatory element of planning of an individual
program of early rehabilitation [89] (level of evidence —
1, grade of recommendation — A).

Comments. The evaluation of nutritional status is an obligatory
element of the evaluation of ICU patient from the moment of hos-
pitalization. Medical history data and results of clinical examination
and laboratory parameters, combined in NRS 2002 scale (Nutri-
tion Risk Screening) [90], provides a picture of nutritional deficit
for further planning of nutritional support within the guidelines
of the Union of Rehabilitologists of Russia [94].

Recommendation 26. It is recommended to use
the results of indirect calorimetry, performed at rest
and during rehabilitation measures, in all adult ICU
patients, provided if there is a technical possibility
for the formation of an individual program on nutritional
support [89] (level of evidence — 3, grade of recommen-
dation — B).

Comments. It is known that muscles contain the largest pool
of protein in a human organism. Critical illness is associated with ex-
pressed proteolysis and loss of muscular mass (up to 7kg/day), which
is associated with ICU-acquired weakness [95]. This is described
in the recommendations on preparing a nutritional program
with a simple nomogram: energetic requirements = body mass x
20-25 kcal/kg/day. The protein requirement is 1.3 g/kg [89]. Such
approach does not account for individual peculiarities of a patient
as well as metabolic needs during the rehabilitative process, es-
pecially, mobilization manipulations. Enough publications showed

Rehabilitation in the intensive care unit (RehablCU)...

that patients with low body mass index and insufficient protein-
energetic provision have very low tolerance even to the procedures
of passive mobilization [96]. Still, it was shown that active kinesio-
therapy and bedside velocycling increase energy consumption,
which should be accounted for during planning of the composition
and schedule of nutritional support [97]. Considering these facts,
the optimal method for the evaluation of the individual need
in the caloric consumption is an indirect calorimetry using a me-
tabolograph. The application of metabolography [89, 9] increases
the safety of rehabilitation because critical changes in the levels
of CO2 in the exhaled air develop earlier than hemodynamic
STOP-signs [98].

Recommendation 27. It is recommended to provide
nutritional support of 30-35 kcal/kg of body mass/day
and protein 1.5 g/kg of body weight for all adult patients
with a high risk of decubitus development [91, 92] (level
of evidence — 3, grade of recommendation — B).

Comments. The maintenance of the sufficient level of protein
after its loss and/or utilization as well as rational calculation
of energetic needs of an organism and their correction, decreas-
es the risk of decubitus development in adults and contributes
to the acceleration of rehabilitation in patients that already have
decubitus.

Recommendation 28. It is recommended to apply pro-
gressive increase in the daily content of protein and cal-
ories in the enteral mixtures to the calculated target
values to prevent overfeeding in adult patients starting
from the first day in the ICU [89, 93] (level of evidence —
3, grade of recommendation — B).

Comments. Gradual nutritional support is sufficient for the cor-
rection of macro and micronutrients and compensation of energy
in ICU patients. The excessive feeding (compensation for ener-
getic needs of an organism in the volume = 110 % from the tar-
get one) can contribute to an increase in the levels of glucose
in the blood plasma and lead to additional need in the admin-
istration of insulin to the patient. Excessive feeding is associ-
ated with an increase in the risk of infectious complications
and lethality.

Recommendations 29. It is recommended to per-
form the screening of postextubation dysphagia (PED)
with a 3-ounce water swallow test (Annex 6) right af-
ter extubation in adult ICU patients with temporary
tracheoesophageal separation (endotracheal intubation
in combination with a nasogastric tube) for > 48 hours
for the evaluation of the risk of aspiration and planning
of the schedule of nutritional support [100, 101] (level
of evidence — 3, grade of recommendation — B).
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Recommendation 30. It is recommended to provide
special dense liquid with the jelly viscosity for drinking
to adult ICU patients within the first 48 hours after tra-
cheal decannulation to prevent aspirational complica-
tions [100, 104] (level of evidence — 5, grade of recom-
mendation — C).

Comments. The rate of post-extubation dysphagia in ICU patients
reaches 18.3 % before transfer from the ICU; out of them, up
to 80 % of patients preserve the signs of dysphagia after the dis-
charge from the hospital [105]. Silent aspiration is registered
in 36 % of patients. With postextubation dysphagia, manipulations
should be performed on the restoration of swallowing function
under the control of a SLT specialist from MDRT [35, 107]. Some-
times, an individual choice of the food texture should be made using
special tests [107, 109]. If it is impossible, dense liquids should be
used, which reduce the aspirational risk [103].

Recommendation 31. Itis recommended to perform daily
swallowing activities as well as combined taste and ther-
mal stimulation in all patients with tracheoesophageal
separation (endotracheal intubation or tracheostoma)
to restore normal swallowing and prevent post-extuba-
tion dysphagia [100, 105] (level of evidence — 4, grade
of recommendation — C).

Comments. A logopedic complex of patient management
with tracheoesophageal separation because of endotracheal in-
tubation or tracheostoma, especially on CMV, has its peculiarities
that are not still included in a special protocol. Logopedic practice
in ICU patients showed that differential logopedic massage, passive
and active articulation gymnastics, swallowing exercises, stimu-
lation of oral mucous membrane sensitivity, maintenance of taste
sensations, and oral cavity hygiene prevents the development
of dysphagia and spread of bactericidal flora to the lower respira-
tory tract [24,107]. In turn, the effective prevention of dysphagia
minimized the risks of complications after nasogastric feeding
(nasopharyngitis, sinusitis, stricture, decubitus) and facilitates
the normalization of nutritional status [109].

3.3. Prevention of emotional-cognitive impairments
and delirium

Recommendation 32. It is recommended to perform
multi-component non-pharmacologic intervention,
that includes mobilization, optimization of analgoseda-
tion, normalization of sleep, maintenance of cognitive
status and level of routine adaptation, in adult ICU pa-
tients to reduce the risk of delirium [35, 84, 88] (level
of evidence — 3, grade of recommendation — B).
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Comments. Currently, there is no data from evidence-based
medicine on the methods of pharmacological [113] and combined
prevention of ICU-acquired delirium. None of the studied strategies
led to a decrease in the rate of delirium [112]. Still, it is believed
that multi-component interventions from the MDRT team can
minimize the risks of cognitive impairments and delirium [114-116)].

The prevention of delirium and other emotional and cognitive
impairments is based on the fulfillment of the main requirements
of the guideline protocols on algosedation as the main priority
in the prevention of PICS [86]. The valid guidelines of the Feder-
ation of Anesthesiologists and Reanimatologists of Russia [87]
include a regular screening of the pain status of a patient regard-
less of the level of consciousness and its balanced pharmaceutical
control.

Combined physical exercises and cognitive training positively
affect the proliferation of neutrons, decrease in the tumor necro-
sis factor (TNF)- a, interleukin (IL)-1, -6, -8, and C-reactive pro-
tein [82]. In turn, these changes contribute to the normalization
of the brain structure (increase in the frontal and temporal density
of the gray matter) and neuronal activation. They also decrease
the astrocytic and microglial activity [decrease in S— 1008
and glial fibrillary acid protein (GFAP)], which is clinically mani-
fested as a reduction of the risk of delirium and minimizes remote
emotional-cognitive impairments [88].

Multi-component rehabilitation program of prevention
contains simple complexes of limb movements, cycles of sponta-
neous breathing, maintenance of the relevant level of orientation
in space and time (which is contributed by the application of an
acoustic apparatus, glasses, watches, removable denture) [114,
115], measures to provide nocturnal sleep, and basic activities
on self-care [35, 110].

Recommendation 33. It is recommended for parents
or caregivers to be with children in the ICU, if they follow
the rules and regulations of being in the ICU, for the pre-
vention of emotional-cognitive impairments and deliri-
um [117, 134] (level of evidence — 3, grade of recommen-
dation — B).

Recommendation 34. It is recommended to evalu-
ate daily the expression of the pain syndrome in all
ICU patients, regardless of the level of consciousness.
If there are signs of pain syndrome, treatment should be
started for the prevention of cognitive-afferent disso-
nance [85, 121] (level of evidence — 3, grade of recom-
mendation — B).

Comment. The pain at rest is affected by psychological (for ex-
ample, anxiety, depression) and demographic factors (for ex-
ample, young age, one or several comorbid diseases, surgeries
in medical history).

During a procedure, the perception of pain is affected
by the intensity of pain before the procedure, type of procedure,



main surgical or posttraumatic diagnoses, and demographic fac-
tors (junior age, female sex). Pain self-assessment scale is a gold
standard for the assessment of pain in patients that can com-
municate adequately. Among adult patients in a critical condi-
tion that can speak about the pain they feel, the score can vary
from 0 to 10. The self-assessment can be made orally or visually.
It is the most reproducible pain intensity scale in clinical practice.
Behavioral Pain Scale (BPS) (Annex 2) is the most reliable tool
for the monitoring of pain in the postoperative, general, and trau-
matologic ICU for barely cooperative patients with controlled
behavioral reactions and movement functions that cannot report
on the pain they feel.

Such vital physiological parameters as HR, BP, RR, ox-
ygen saturation, and EtCOz are not reliable indicators
of pain and can be used only as hints for further assessment
of pain with the respective verified methods. When it is ac-
ceptable and when a patient cannot say about their sensa-
tions, the family can be involved in the evaluation of a pa-
tient's pain[124]. In the pediatric ICU, the simplest pain
assessment scales are used starting from the age of 3 years old
(Annex 3). At the earlier age, the most significant indicators
of pain include crying, face expression, position, and move-
ments of the limbs. The involvement of parents or care givers
in the assessment of pain leads to the hyperdiagnostic of pain
intensity [123].

Recommendation 35. It is recommended to put on an
individual sleep eye mask and earplug for all ICU patients
at nighttime in combination with preventive applica-
tion of drugs for the maintenance of circadian rhythms
and prevention of delirium [118, 119, 121]. (level of evi-
dence — 1, grade of recommendation — A).

Comments. ICU conditions, that include constant illumination,
personnel talking, monitor alarms, and noise of respirators, inevi-
tably affect the quality of sleep [124]. Meanwhile, the maintenance
of sleep in the ICU is a method of decrease in the risk of cognitive
impairments, including psychomotor excitement and delirium.
Apart from that, the maintenance of the sleep structure provides
positive emotional status of the patient, supports their motiva-
tion in the therapeutic and rehabilitation program, and increases
the tolerance to muscular activity [110].

The pooled analysis of the studies demonstrated a gener-
al decrease in the spread of delirium according to the protocol
that maintains sleep [124]. In all the studies, the protocols were
applied in the management of all ICU patients. An obligatory
component of the protocols is the creation of the optimal environ-
ment for a patient to provide conditions for normal sleep (natural
markers for sleep include window or requlation of light/darkness,
refusal from night procedures, reqular breaks in the care for 60-
90 minutes). To restore the phasal nature of sleep, it is possible
to apply Z-drugs. To prevent the disturbances in the circadian
nature of sleep, melatonin-containing drugs can be used [120].
Despite the lack of statistically significant approved guidelines
on the pharmacotherapy of sleep disorders in ICU patients,
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there is a list of measures on the sleep maintenance for ICU pa-
tients, which showed to be effective [29, 35].

Daytime procedures:

m Openjalousie.

m Avoidance of caffeine-containing nutrients after 15:00.

m Limitation of the period of drowsiness to < % of daytime

period.

Nighttime procedures:
Limitation of personnel’s talking.
Exclusion of 1-night feeding.
Reduction of luminosity at 22:00.
Lowering down of the bedside curtains or jalousie at 22:00.
Washing face with warm water at 22.00.
The optimization of the room temperaturee.
The limitation of the awakening by the personnel in the in-
terval between 0 and 5 am.
Sleep eye mask.

m farplugs.

Wearing of a sleep eye mask and earplugs proved to the most
effective devices in the prevention of negative influence
in the ICU.

Recommendation 36. It is recommended to switch
on music as an element of multisensory impact in the pro-
gram of cognitive-afferent dissonance prevention for adult
ICU patients, including those on CMV [47, 52] (level
of evidence — 3, grade of recommendation — B).

Comments. The application of music therapy does not require
a specialist in music therapy. It is sufficient to use music fragments
of patient’s favorite pieces of music or popular or classic ones.
Music contributes to a decrease in the consumption of analge-
sics [53], reduces the level of anxiety, and increases the adherence
to the rehabilitation.

Recommendation 37. It is recommended to follow
the protocol for defecation in all ICU patients based
on the medical history to prevent circadian rhythm im-
pairments and additional emotional discomfort caused
by negative proprioceptive sensations during constipa-
tion [111] (level of evidence — 3, grade of recommenda-
tion — B).

Comments. Immobilization in a horizontal plane in combination
with insufficient (nutritional deficit) or uncommon (tube feeding)
are the key reasons for disturbances in the functional intestinal
habits, including stereotype and organization of defecation. Un-
derestimation of this topic in the communication with a patient
and the formality of the defecation process protocol in the ICU
conditions (1 time/2 days) dissimulates the problem relevance
but does not decrease its contribution into the development
of PICS. Since it is not always possible to establish the premorbid
ritual of defecation, it is feasible to prevent constipation with daily
defecation unless otherwise specified (abdominal surgery, acute
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gastroenterological conditions). This issue should be controlled
by nurses. Planned administration of laxative suppositories should
be made to provide additional anus irritation as an element of def-
ecation modulation.

3.4. Prevention of the loss of self-care skills

Recommendation 38. It is recommended to perform
training on the restoration of self-care skills for all long-
term ICU patients considering the age and cognitive sta-
tus to prevent routine misadaptation [126, 127, 135] (level
of evidence — 3, grade of recommendation — B).

Comments. A separate section in the emotional-cognitive re-
habilitation is ergotherapy. In the ICU conditions, ergotherapist
trains a patient to perform routine self-care activities (personal
hygiene, putting on clothes, taking a meal, alternative or additional
communication). The significance of ergotherapy in the structure
of RehablICU is in the acceleration of the restoration of premorbid
performance patterns of the patient, i. e. a return to habits, life
style, and social status.

Including ergotherapy in the rehabilitation complex reduces
the time spent in the ICU [127, 135]. In patients with CCS, it reduc-
es the time of adaptation to spontaneous breathing [124], and pre-
vents the development of delirium [135]. In ICU practice, the ele-
ments of ergotherapy are included in the responsibilities of nurses
and junior medical stuff. But in the future, for the development
of RehabICU, a qualified specialist is required.

4. Medical rehabilitation
of patients with PICS

Recommendation 39. It is recommended to use the Re-
habilitation Routing Scale (RRS) for adult patients
with PICS (Annex 14) to provide stage-by-stage rehabil-
itation [38] (level of evidence — 2, grade of recommen-
dation — A).

Recommendation 40. It is recommended to rout all
patients with signs of PICS and(or) CCl, RRS score 5-6,
to the medical rehabilitation units (MRU) or rehabilitation
centers (3-4 levels) with ICU to provide rehabilitation
care using the possibilities of telemedical healthcare [128]
(level of evidence — 3, grade of recommendation — C).

Comments. Patients, that status of self-care in the routine life
did not reach the level sufficient for home care after ICU (RRS
4-6 score), should be directed to local MRU [128] at the place
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of patient’s permanent residence. Patients with regressing PICS, which
does not require hospitalization to MRU (RRS 1-3 score), are provided
day-time inpatient rehabilitation or telemedical programs. The volume
of rehabilitation program andits rate is determined by the rehabilitation
potential of a patient and conditions of state guaranties of obligatory
medical insurance valid in the patient's region of residence. Patients
in the state of chronic cognitive impairment (areactive awakening,
“minimally conscious state") after 28 days in the ICU are directed
to the respective expert centers of the 3—4 level for the evaluation
of the rehabilitation potential and specific rehabilitation).

Criteria for the transfer to the specialized rehabilitation
center with ICU for medical rehabilitation of the second stage
for patients with PICS or (and) CCl include:

m the end of an acute period of the disease (stable clinical
and X-ray picture in the lungs but continuing substitution
of the vital functions);

20 days in the ICU;

CMV > 14 days;

low level of consciousness or functional-personal changes;
persisting infectious complications of bacterial nature (re-
spiratory tract infection, urinary tract infection, decubital
ulcers) that are probably caused by invasive equipment
(tracheostoma; gastrostomy; urinary catheter);

m consequences of long-term immobilization: spastic syn-

drome, degenerative changes in the joints.

If there are no rehabilitation centers for the organization
of telemedicinal service, the application for the telemedical con-
sultation can be sent to the “All-Russian Center of Emergency
Medicine “Zashchita” of the Ministry of the Russian Federation”.
Requesting the type of consultation, the applicant should spec-
ify “chronic cognitive impairment”. RRS score is 6. In the spec-
ified day, after a telemedical consultation from the specialists
from a certified rehabilitation center, a conclusion should be
made to direct the patient for the second stage pf rehabilitation
or to a unit of palliative care at the place of residence. The rout-
ing of junior children should include a psychologist and a social
worker [129].

5. Prevention of PICS (pre-habilitation)
in patients with planned surgical intervention

Recommendation 41. It is recommended to include in-
dividual training on how to cope with postoperative psy-
chological and physical prevention of PICS in the program
of preparation of patients or parents (care givers) of chil-
dren for surgical treatment [130-133] (level of evidence —
4, grade of recommendation — C).

Comments. Medical history data on urination and defecation hab-
its (rate and need in stimulation) are important for the organization
of postoperative care. It is also necessary to consider somnologic



habits (sleep ritual, duration of comfortable sleep) of the patient.
Convulsions and other paroxysmal events, constant administration
of hypotensive, antidepressant, and hypnotic drugs should be consid-
ered. The withdrawal of these drugs can provoke the development
of unfavorable events. It is also useful to perform a general evaluation
of the level of independence and self-care of patients in the routine
life according to RRP scale. The results of primary multidisciplinary
examination should be documentedin medical documents for further
objective evaluation of the dynamics and for legal issues if they arise
from the side of a patient or parents (care givers) who are dissatisfied
with the treatment outcome.

The preparation for the planned surgery is in the creation
of psychological readiness to the limitation of the movement
activity and possibility of residual effects of general anesthet-
ic agents. The patient should be trained to apply the methods
of compensations and prevention of learned non-use effects.
Before the surgery, all members of MDRT examine the patient.
After that, an individual program of pre-habilitation is made.
The program includes active articular gymnastics in all limbs,
stretching of the paralyzed segments with a healthy limb, breath-
ing exercises on the mobilization of a deep diaphragmal inspira-
tion, motor imagery practices that involve the images of move-
ments in the paralyzed limbs (especially, in patients with processes
at the spinal level), etc. The communication and education of pa-
tients are performed by a clinical psychologist and PRM physician.

The guidelines on anesthesiology can be used as a component
of pre-habilitation. It is based on the concept of enhanced recov-
ery after surgery (ERAS). It is an algorithm of anesthesiologic pro-
cedures, which includes the optimization of sedative and analge-
sic components that target their minimally sufficient application.
During the early postoperative period, when a patient is available
for contacts, MDRT members start individual training of a patient
according to the respective methods. Primarily, the program in-
cludes active movements in all limbs that are not immobilized.
In the immobilized limbs, motor imagery practices are recom-
mended (i. e. imagining or recollecting the limbs movements). An
obligatory condition for the start of active movement rehabilita-
tion in the ICU is the lack of absolute contraindications. Simulta-
neously, specialists start communication with relatives and patient
to restore the patient’s memory on preceding events and return
the orientation in the place, time, and personality.

6. Organization of rehabilitation care
for ICU patients

Recommendation 42. It is recommended for regional di-
visions of the Ministry of Health together with territorial
funds of medical insurance to issue local acts for step-
by-step implementation of RehablCU technology and its
adequate financing [38] (level of evidence — 2, grade
of recommendation — A).

Rehabilitation in the intensive care unit (RehablCU)...

Comments. According to the Federal Order of organization
of rehabilitation care [38] for the realization of RehabICU pro-
gram, the early rehabilitation units (ERU) should be established.
The unit is based on the work of MDRT, which includes a medical
rehabilitation specialist (doctor), at least 2 specialists on physical
rehabilitation, specialist on ergorehabilitation, medical psycholo-
gist/psychotherapist, medical SLT specialist, medical rehabilitation
nurse (up to September 1st, 2023 — therapeutic exercise specialist,
DPT, reflexologist, therapeutic exercise methodical instructor,
medical SLT specialist, physiotherapeutic nurse, massage specialist,
and specialist in reflex therapy). The unit is not equipped with beds
because its care is provided bedside directly in the ICU. One MDRT
provides rehabilitation care to 12 bedin the ICU or 90 post-surgery
beds, i. e. the number of NDRT teams is determined by the bed
capacity of a medical institution. ERU provides the Tt stage of re-
habilitation. After that, the patient is provided with an individual
rehabilitation program based on the evaluation of the status
of a functional activity according to RRP (Annex 14) [128]. An
essential condition of successful implementation of RehablCU
is a thoroughly calculated tariff. To evaluate the requirements
in RehabICU and financial capacity of obligatory medical insurance
budget, the following approach can be used:

m The number of MRDT teams for an organization within
the RehabICU program = number of certified ICU beds/12.

m The number of ERU = number of medical institutions that
have 12 and more ICU beds in the ICU.

m Minimal number of patients that need RehabICU = 5 %
of the number of ICU patients per year (those patients who
spent > 7 days on CMV).

m The mean duration of RehabICU is 5 days. The patients
that started RehabICU program but did not finish (< 5 days)
during ICU hospitalization will continue it after the transfer
to a respective department.

m The payment for RehablCU programis calculated as a scale-
up coefficient for DRG of a nosological entity that led
to the patient’s hospitalization to ICU. The coefficient
is determined by the regional regulator. Approximate
RehabICU tariffis = 20,000 RUR per 1 case.

The in-house quality control of the provided rehabilitation
care is executed according to the approved quality control pro-
tocol of the medical institution. Medical-economical expertise
is performed by insurance companies according to the common
quality criteria (see below) [132].

Criteria for the assessment
of medical care quality

The following criteria are used for the assessment
of medical care quality (Table 4).

The guidelines were developed according to the De-
cree of the Ministry of Health dated 28.02.2019 No 103n
“The approval of the procedure and dates for the de-
velopment of clinical guidelines, their revision, typical
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e
Table 4. Criteria for assessing the quality of medical care
No. Quality criteria Level Grade
of evidence of recommendation
1 Prevention of PICS syndrome (post-intensive care syndrome) started not later than 48 hours A 2
from the moment of the admission to the ICU of a patient of any age
2 Daily rehabilitation procedures within RehablCU program = 60 minutes for patients that spent B 3
> 48 hours in the ICU
3 Rehabilitation manipulations on the mobilization were performed under the control of STOP-signs. B 3
Leg raise test was performed before each rehabilitation session
4 The evaluation of nutritional status was performed for planning the program of early rehabilitation A 1
5  The screening for post-extubation dysphagia was made with a 3-ounce water swallow test B 3
6  The expression of the pain syndrome was evaluated daily B 3
7 Earplugs and sleep eye mask were used for the prevention of ICU-acquired dyssomnia A 1
8  The severity of PICS should be evaluated using PICS-index before a transfer from the ICU. The PICS C 5
index was > 10 during a transfer of the patient from the ICU, who spent > 48 hours there
9  RRPscale was used for the routing of adult patients with PICS at the stages of rehabilitation A 2
10 Early rehabilitation unit was organized in a medical institution with ICU bed fund > 12 beds A 2
Note. The criteria are applied at all three levels of medical care.

form of clinical recommendations, and requirements
to the structure, content, and scientific grounds of the data
included in the clinical guidelines” (registered in the Min-
istry of Justice dated 08.05.2019 No 54588) and the Decree
of the Ministry of Health dated 23.06.2020 No 6171 “The in-
troduction of changes in Annexes N 1, 2, and 3 to the De-
cree of the Ministry of Health of the Russia Federation
dated 28.02.2019 No 103u “The approval of the procedure
and dates for the development of clinical guidelines, their
revision, typical form of clinical recommendations, and re-
quirements to the structure, content, and scientific grounds
of the data included in the clinical guidelines”.
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Annex 1

Algorithm of action of an anesthesiologist and MDRT
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Annex 2

Behavioral Pain Scale

Annex 2

p
Table A2. Behavioral Pain Scale (BPS) [141]

0 1 2 Score
Face Facial muscles Mimic muscles are tense, Clenched jaws, pain grimace 0-2
are relaxed frowning
Anxiety Patient is relaxed, Rare fidget movements, Often fidget movements, including 0-2
movements are normal  changes body position head, constant changes of body
position
Muscular tonus Normal muscular tonus  Hypersthenia, flexion of fingers Muscular rigidity 0-2
and toes
Speech No uncommon sounds Rare moaning, whimpering, Often or constant moaning, crying, 0-2
and groaning quivering, and groaning
Rapport, controllability ~ Calm, cooperative Can be calmed down verbally, Itis difficult it calm down verbally, 0-2
complies with personnel's negative attitude to personnel,
instructions does not comply with personnel’s
instructions
General score: (0-10) 0-10

Note. The BPS is not validated in Russia.
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Annex 3

Neonatal Infant Pain Scale

in

Neonatal Infant Pain Scale (NIPS) for newborns/infants to 1years old is a behavioral tool for the evaluation of pain

undercarried and full-tern newborns.

The intensity of pain is expressed as a total score for each of the six parameters; the minimal score is 0, the maximal possible
is 7 (Lawrence et al., 1993). Score > 3 indicates pain. The scale is not validated in Russia.

e

Table A3. Neonatal Infant Pain Scale (NIPS) [142]

Parameter Score 0 Score 1 Score 2 Score
Facial expression  Relaxed muscles. Restful face, neutral ~ Grimace. Tight facial muscles, furrowed —
expression forehead, brows, chin, and jaw (negative face
expression — nose, mouth, brows)
Cry* No cry, quiet Whimper, mild moaning, intermittent Vigorous crying,
loud scream, shrill,
continuous

B

reathing pattern Relaxed, usual pattern for this infant

Visual change in breathing. Irregular air
inhalation, faster than usual, gagging, breath
holding

occasional random movements

or rapid extension, flexion.

Arms Relaxed, no muscular rigidity, Arms are flexed/extended. Tense, straight arms, —
occasional random movements rigid and/or rapid extension, flexion.
of arms

Legs Relaxed. No muscular rigidity, Flexed/extended legs. Tense, straight legs. Rigid —

State of Arousal  Sleeping/awake. Quiet, peaceful

sleeping with occasional random leg
movements

Fussy, alert, restless, and thrashing movements

Total Score:

* Silent crying can be summed if a child is intubated and crying is clear by the movement of mouth and face.
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Medical Research Council Scale

Annex 4

e

Table A4. Medical Research Council Scale (MRC) [143]

Score Muscular Strength Right arm Right leg Left arm Left leg
0 No movement is observed
1 A trace or flicker is palpated in the muscle. Visually —
no movement
2 Movement is possible only when the resistance
of the gravity is removed
3 Movement against gravity is possible
4 Muscle contraction against gravity and resistance
but weaker than on the healthy side
5 Normal muscular strength

This scale had various titles. In Russia, it is known as neurological scale of muscular strength.

The pain evaluation is performed by a reanimatologist, ICU nurse, physician (specialist in physical rehabilitation), physical

and rehabilitation medicine specialist, neurologist, orthopedic traumatologist.

Conditions of pain evaluation. If the patient is unconscious, objective evaluation is not possible by this scale. If a patient
has an expressed cognitive deficit or speaking impairments, it is necessary to monitor the patient and how their limbs move.
These data will be used for the evaluation. Besides, alternative sources of communication can be used.

This scale can be used to evaluate the strength of any muscle. The testing of all muscles is based on the principles of manual
muscular testing. The specialist should know the position of the tested body and what movement can maximally load the tested
muscles. The specialist ensures the antagonist muscles to be excluded from the movement and the tested muscle to be
maximally involved in the movement.

Interpreting the obtained data for ICU patients without CNS impairments:

Score 17-20 — no signs of PICS
Score 12-16 — signs of PICS

Score 0-11 — myoplegia or tetraparesis (requires the exclusion of acute CNS pathology)
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Annex 5

Rapid shallow breathing index (Tobin index)

Tobin Index [27] is an index of rapid shallow breathing (RSBI). RSBI parameter is calculated by the formula:

_f
RSBI=1z

where in f is the respiratory rate (per minute); Vt — breathing capacity (L).

During the calculation of RSBI, the patients breathes without additional help or during ventilation with minimal pressure
(< 5 cm H20) and the doctor measures the breathing volume and RR of the patient. This evaluation is performed with no
mechanical help from CMV or other equipment to the patient.

The normal Tobin Index is < 105 breaths/min/L. If RSBl is < 100, the patient can be extubated, the possibility of successful
transfer to spontaneous breathing without complications is 80-95 %. If RSBI > 120, the patient will need further respiratory
support and the diagnosis of ICU-acquired weakness can be established.

42



Annex 6

3-ounce Water Swallow Test [100, 101]

No

The patient is excited, the head bed end is elevated > 45 degrees

1 tea spoonful of water

No attempts to swallow or water spills out
of the mouth, cough, wet hoarse voice,
signs of respiratory failure

Give 2 tea spoonfuls of water

Yes

Annex 6

No

Nil per os patient
Consultation from a medical SLP is required

No attempts to swallow or water spills out
of the mouth, cough, wet hoarse voice,
signs of respiratory failure

Give 3 tea spoonfuls of water

Yes

No

Nil per os patient
Consultation from a medical SLP is required

No attempts to swallow or water spills out
of the mouth, cough, wet hoarse voice,
signs of respiratory failure

Give a V2 full glass of water, ask to take a few sips

Yes

No

Nil per os patient
Consultation from a medical SLP is required

No attempts to swallow or water spills out
of the mouth, cough, wet hoarse voice,
signs of respiratory failure

Transfer to a diet with standard texture of products.
Obligatory control during meal consumption

Yes

Nil per os patient
Consultation from a medical SLP is required
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Annex 7

Modified Rivermead Mobility Index for ICU patients (mRMI-ICU)

Original name: In Russian: “UHgekc MobuabHocT PuBepmma”. In the Russian Federation, the scale is not validated.

Rivermead Mobility Index is a simple and available test that evaluates not only walking but also patient’s mobility. To be
applied in ICU, the index was modified several times (F.M. Collen et al., 1991; D. Wade, 1992, C. Hodgson, 2014; A.A. Belkina,

2014).
4 N
Table A7. Modified Rivermead Mobility Index (mRMI-ICU) [144]
Level Skill Description Result
0 Immobile in bed A patient is not able to change the position in bed. The patient is passively mobilized P
by medical personnel.
1 Active in the bed A patient can turn from the back to a side without assistance, cyclic kinesiotraining, P
exercises with assistance. Patient cannot get out of the bed without help.
2 Passive sitting up A patient can be transferred to a sitting position in the bed or chair with back support P
without keeping balance with an elevator or personnel assistance. The patient cannot sit on the edge of the bed.
3 Active-passive sitting A patient can sit up from a lying position on the edge of the bed and keep balance for 10 P
up on the edge of the bed seconds with or without assistance.
with balance keeping
4 Changing position A patient can stand up and keep standing with the help of hands, stander, or tilt-table P
from sitting to standing
5 Transfer A patient can be transferred from the bed into a chair and back with assistance. P
6 Walking in place A patient can lift each leg 2 times and transfer the center of gravity on the opposite leg. P
7 Walking A patient can make 2 steps with a high walker or bilateral assistance. P

Comment. mRMI-ICU value corresponds to the score of doctor’s positive assessment of the patient on each parameter.

Interpretation. The index can score from O (inability to make any movements) to 15 (ability to run 10 m). In the modifi-
cation proposed for ICU patients, the normal score is 7.

44



Annex 8

Annex 8
Express-test of cognitive status — Hodkinson's Mental Abilities Express Test
Hodkinson's Mental Abilities Test — 10 (AMT-10) is used to assess three cognitive domains. Each correct answer scores 1.

The threshold score is < 6. Questions 2-6 are asked to assess the patient's orientation in time, place, and personality. Questions 1,
7-9 are asked for the assessment of memory and general level of knowledge. Question 10 (and 1) is asked for the assessment

of attention.

p
Table A8. Hodkinson's Mental Abilities Express Test [145]

Question

Patient’s age

Date and year of birth

Time of the day (approximately)

Current date (day, month, year)

Current place (hospital, department)

Current time of the year

Name of the wife (husband, children)

Name of the President

Repeat the doctor's name (Doctor needs to introduce themselves first)

To count down from 10 (corrections are acceptable if they are made by the patient themselves)

Score 10 is a norm (1 point for each question).
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Annex 9

Assessment of PICS syndrome based on PICS index

/Table A9. Criteria for calculating the PICS index [43, 44]

No. Modality of Symptoms Type Score
1 Infectious and trophic complications Decubitus 0.5
Respiratory tract infection 0.5
Urological infection 0.5
2 Vegetative and metabolic complications Pain, diencephalic crisis 1.0
Circadian rhythm impairment: dyssomnia 0.5
Decrease in the gravitational gradient 1.0
Decrease in the load tolerance 0.5
Nutritional deficit 1.0

Body mass deficit
3 Neuromuscular complications ICU-acquired weakness 1.0
Respiratory ICU-acquired weakness 0.5
ICU-acquired dysphagia (learned non-use) 1.0
4 Emotional and cognitive complications Memory and orientation impairments 0.5
Delirium/Hallucinations 1.0
Depression 0.5
TOTAL 10.0

Score 1-3 — mild.
Score 4-6 — moderate.
Score 6-10 — severe.

Note. Gradation of PICS index by the degree of severity:
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Annex 10
PICS Index Express Test

PICS Index Express Test is used by a reanimatologist-anesthesiologist during a transfer of a patient from ICU to a specialized
department.

e N
Table A10. Criteria for calculating the express PICS index

Criteria Norm Mild Moderate Severe
Mobility (Rivermead Scale) 7 5-6 3-4 0-2
Cognitive status (Hodkinson's Scale) 10 8-9 4-7 0-3
PICS index gradation 17 13-16 6-12 0-5

Instruction:

1. To assess the status of mobility of a patient using a Rivermead Scale.

2. To assess cognitive status of a patient using Hodkinson'’s Scale.

3. Tointerpret the obtained score according to the Table 11.

4. To record the data in the medical documentation and inform the Medical Rehabilitation doctor for the choice of further tactics of rehabilitation.

Note. Theindex is not calculated for patients with acute cerebrovascular insufficiency of any genesis. The PICS index interpretation should include

the data on the premorbid mobile and cognitive status of the patient.
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The nomenclature of basic and adjuvant techniques

4 N
Table A11. The nomenclature of basic and adjuvant techniques used by MDRT in ICU
No. Name Classificator Code Description Dosing Regimen
1 |Positioning (Full version of the protocol at: http://rehabrus.ru/index.php?id=55)
Horizontal (non- A14.30.001 M0 1. Lying on the back Day 1 for patients with shock and/or in the pre-
verticalizing) 2. Lying on a healthy side morbid phase of acute cerebrovascular insuffi-
3. Lying on a lesion side ciency (ACI)
4. Prone position Change of the position not rarer than every
2 hours according to the local protocol
Verticalization A23.30.017 M1 Lying on the back on an elevated From Day 1, basic position with interruptions
head bed end at 30-45°(Fowler's for sleep and other rehabilitation measures
position) considering subjective tolerability or STOP-
signs

M2 Semi-recumbent position During taking a meal, considering tolerability
(the elevation of the bed head is 45-
60°, in the bed)

M3  Semi-sitting position (the bed head When M2 is achieved, this position should
elevation is 67° + 5°), the bed leg the used as the main one for the preparation
end is lowered of moving to a chair

30 minutes x 2 times per day

The beginning and duration depend on the tol-
erability of a patient and lack of STOP-signs
From 5 minutes x 2 times per day

The step of gradual increase in the duration
is 10 minutes

M4  Sitting position on the bed with legs  To start after the achievement of 1-hour toler-
down with and without support, ability of stage M2
keeping balance to strengthen back  The rest conditions are the same. It is suitable
muscles, or sitting in a chair for patients with chronic cognitive impairments

because it is impossible to for such patients
to sit on the bed edge. It accelerates the pro-
cess of adaptation to the chair.

M5  Standing position The patient should stand and keep balance

with assistance or using additional equipment
(Clinical Guidelines on verticalization at: http://
rehabrus.ru/index.php?id=55)
Keeping balance standing in a stander, with as-
sistance, using a system of weight distribution
or simultaneously
Sifting from foot to foot for 30 seconds nearby
the bed. Start after the achievement of 1-hour
tolerability of the step M3. The rest procedures
are the same

2 |Transposition

Passive A14.30.001 MO  Changes in the positioning
using a configuration of the bed,
verticalization table, winch
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Continuation of the tabl. A1l

No. Name Classificator Code Description Dosing Regimen
Assisted A19.23.002.014 M1 Changes of the positioning
with assistance of 1-2 people
or special equipment (stander,
system of weight distribution).
The transfer is made passively
with an elevator or passively-actively
with a stander or assistant, transfer
into a mobile or bedside chair.
Unassisted A14.30.016.1 M2  Unassisted change in the positioning
(turning in bed, sitting up, transfer
to a chair, standing up) using
supporting surfaces (chair back,
cane, walker)
3 | Mobilization
Verticalization A17.02.002 B Diagnostic and training procedure Full version of the protocol at: http://rehabrus.
of the controlled change ru/index.php?id=55
of the elevation angle of the head An increase in the angle of elevation of the head
bed end using special equipment bed end with further lowering of the leg bed
(electric verticalizators, FES) end with 1-3 assistants:
for the assessment of gravitational ~m on a 3-section bed
gradient and orthostatic training. m on a tilt-table controlled by a doctor from
Day 2 1time per day considering STOP-signs
m starting point 30°
m pitch 15°
m increase in GG 15 minutes after, provided
there are no STOP-signs
m at 90°, it is possible to move to the level
M-2 (passive transfer to a chair)
Passive Kinesiotherapy =~ A19.23.005 KO  Passive movements in joints From Day 1, 10 slow movements in each joint.
in the volume of physiological limits  The duration of 1 session is 20 mins.
without stretching Joints:
= hand
m wrists
m elbow
m shoulder
m knee
m ankle
m pelvic
A19.23.001 K1  Passive movements in joints

in the volume of physiological limits
with muscle stretching

A19.23.002.025

Monoarticular training aid (intended
for training of separate joints: knee,
pelvis, ankle, hand, shoulder).

The same exercises using mechanical
training aid (including, robotized)
that provides cyclic training

for separate joints and has sensors
for the assessment of the patient’s
impact in an active-passive mode

(if indicated during post-operative
or post-traumatic immobilization
of 1limb).

From Day 2, 20 mins x 2 times a day
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Continuation of the tabl. A1l

No. Name Classificator Code Description Dosing Regimen
Active Kinesiotherapy ~ A19.23.001 K2  Active articular gymnastics Step 1. Overcoming of the resistance of gravity
with stretching: by lifting and keeping a limb up to 10—
m scapula elevation/inversion 30 seconds
m pelvis elevation/inversion Step 2. Active single movements with attempts
m  body twisting to be repeated up to 8-12 times
m head turning, flexion and extension Step 3. Increase in the number of series up to 3
m shoulder flexion/extension, adduc- Step 4. Increase in the intensity up to 11-13 by
tion/abduction, internal rotation/ Borg scale
external rotation Step 5. Increase in the number up to 2 per day
m forearm flexion/tension, prona-
tion/supination Along with an increase in the tolerability from 5
m hand flexion/extension, adduc- to 20 mins x 2 times per day
tion/abduction
m finger flexion/extension, spread-
ing, opposing
m thigh flexion/extension, adduc-
tion/abduction, internal rotation/
external rotation
m knee flexion/extension
m feet flexion/extension, internal
rotation/external rotation
m complex movements with one
or several limbs
A19.23.002.017 K3 The same movements
but with overcoming the resistance
created by the instructor or elastic
belt. It is possible to apply a grip
strengthener or ergometer
A19.30.014 K4  Walking in place
A14.30.018.2 K5  Walking around the bed
or with assisting equipment (high
walker, weight distribution frame)
4 | Cyclic Loads
Passive velokinesis A23.30.023 TSO  Veloergometer for lower 20 min x 20 cycles/min
and (or) upper limbs (obligatory
for patients on CMV)
Active velokinesis A12.10.005 TST  Veloergometer for lower 10-30 min x 2 times, from Day 5-7 of CMV,

and (or) upper limbs

20 mins x 2 times/day

5 | ADJUVANT modulations of kinesiotherapy

Neuromuscular A17.24.010

electrostimulation

F1 Neuromuscular stimulation
of muscular contractions
as a sensory irritation
and preparation for mobilization
using a portative electrostimulator

From Day 2, daily x 1 time/60 mins, 45 Hz

A17.24.0M

F2  Inpatients on CMV, intercostal
muscles and diaphragm should be
stimulated

Daily x 1time/50 mins

Pneumocompression A15.12.002.001

of lower limbs

F3  Prevention of deep vein thrombosis
at all stages, including pre-
mobilization

6 | Respiratory rehabilitation (prevention of mucociliary clearance impairments)

Extrapulmonary A19.09.002

mechanical stimulation

P1 Percussive manual massage
of the thorax before sanitation

From Day 1, 5-6 times/day, 3-5 mins each time
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Continuation of the tabl. A1l

No. Name Classificator Code Description Dosing Regimen
A21.12.002 P2 High frequency chest wall oscillation From Day 2, the procedure is performed in a semi-
(VEST) sitting position of the patient with a 30-40° ele-
vated head bed end
Parameters (frequency — 10-15 Hz; pressure
5-10 mmHg) 5-6 times per day, 10 mins each
time
A19.09.001.001 P3  Active breathing gymnastics From Day 1, 5-6 times/day, 57 sets each time
(cooperative patient) focused
on the involvement of the diagram
Active maneuvers A19.08.001 P4 Cycles of spontaneous breathing 5-10 mins x 2 times/day
with the application positive end expiratory pressure
of respiratory exerciser (PEEP) (speaking valve, stimulating
training equipment for inhale/
exhale) to preserve vital lung
capacity, effective cough impulse,
and phonation
Aerosol therapy A17.09.002.001 P5  Inhalations with drugs to affect When indicated
the sputum properties for its easy
evacuation
7 |Logopedic complex RehabICU
Prevention of post- A19.23.002.010 L1 Logopedic massage and articulatory  During massage, stimulation of mucous mem-
extubation dysphagia gymnastics branes in the oral cavity, including taste recep-
tors. Cooperative patients are offered to take
active part during the exercises
A14.30.003 L2 Food consumption training by SLP Food consumption training is performed

specialist (VVT-test)

with VVT-test, which is a safe consistence
of bolus in terms of the risk of aspiration

8 | Complex of clinical psychology and ergotherapy RehabICU

Prevention A21.23.005 EO  Sleep hygiene (sleep eye mask, At night, the patient is offered to use a sleep
of emotional-cognitive earplugs) eye mask and earplugs, which is useful
impairments for the maintenance of common night sleep
habits
A13.29.020 ET  Cognitive abilities: place, time, Clinical psychologist MDRT or ICU personnel
personality, reading assess the level of orientation of the patient
in the current situation every day for 2-3 min-
utes x 2 times. If cognitive, amnestic, or emo-
tional problems are revealed, a clinical psycholo-
gist is called for thorough testing and treatment
A13.29.007.004 E2  Music therapy For 30 mins x 2 times/day or on request, the pati-
ent is offered to listen to the music chosen
by a clinical psychologist, which includes clas-
sical and popular melodies
A21.30.006 E3  Skills: spoon, remote controller, During the exercises, the patient is offered
tooth brush, call button, putting to apply routine skills themselves or with
on clothes the help of ergotherapists for 20 mins x
x 1time/day
A21.23.006 E4  Communication with relatives The patient can communicate with relatives

for 20-30 minutes. Positive topics for discus-
sion and tactile expression of emotional sup-
port (hugs, kisses), relaxing massage (for exam-

ple, massage of the heel area)
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Annex 12

Contraindications, STOP-signs at the beginning and continuation of RehabICU

Absolute contraindications to the beginning of mobilization:

Acute myocardial infarction at the beginning of mobilization.

Subarachnoid hemorrhage in patients with unclipped aneurism.

Shock.

Thromboembolism of pulmonary artery, progressing thrombosis of lover limb veins (by the results of USI) or presence
of a floating cloth (in the absence of kava-filter).

Unstable fracture of the spine, pelvis, lower limbs.

Patient’s refusal.

Necessity in neuromuscular blockade.

Active hemorrhage.

External cardiostimulation.

Relative contraindications to the beginning of mobilization:

Necessity in a high level of oxygen consumption.

Femoral arterial bypass.

Extracorporeal membrane oxygenation with femoral catheter.

Open abdomen (except for the cases when special sealing bandage is used).

The lack of a trained reanimatologist and Medical rehabilitation doctor in the MDRT team as well as adequate apparatus
monitoring at all stages of rehabilitation.

e

Table A12. Dynamic STOP-signs

No. Section of Monitoring Range of values Method Contraindications
of Registration to the beginning or STOP-
signs during the procedures
Obligatory Modalities
1 Volume status Negative PLR-test Clinical test Positive PLR-test [56, 57]
2 Systolic blood pressure >90; < 180 [2] mmHg Non-invasive Decrease in SBP
(SBP) >90; < 200 [1-3] (invasive if indicated by > 20 mmHg or 20 %
for the primary from the baseline [48, 49]
disease) Apparatus  SBP <100 or > 180
monitoring within > 3 mins
of manipulations [137]
3 Diastolic blood pressure >50; < 110 mmHg Decrease in DBP
(DBP) by 10 mmHg or 20 % [136]
from the baseline
within > 3 mins
DAD <50 or >110 [137]

4 Mean BP (mBP) > 60 mmHg < 110 mmHg [1] mBP < 60 or >110 [49, 137]
Decrease in mBP by 15
mmHg

5 Central hemodynamics No signs of acute coronary syndrome [1] ECG monitoring Depression of ST segment
(> 2 mm) with normal
resting ECG

Elevation of ST segment

(> 1mm) in the leads
without pathological Q wave
(except V1 or AVR)

Negative

or increasing T [137]
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Continuation of the tabl. A12

No. Section of Monitoring Range of values Method Contraindications
of Registration to the beginning or STOP-
signs during the procedures
6 Cardiac rhythm Sinus rhythm [1] Acute development

or permanent atrial fibrillation

of arrhythmia [48, 137]

His bundle branch block,
especially if it is not
distinguishable

from ventricular tachycardia
(“wide QRS tachycardia”)
Increase in ventricular
extrasystole, especially,

if it exceeds 30 % from sinus
complexes

7 Heart Rate (HR) > 50; < 130 per min [1, 10] Non-invasive < 60 or > 130 within
apparatus or clinical 3 mins [48, 137]
monitoring or increase in the HH

by 20% [20, 49, 136]

8 Pharmacological Dopamine < 10 pg/kg/min Increase in the dose
maintenance Noradrenalin < 0.1 pg/kg/min of adequate hemodynamic
of hemodynamics supply within 3 mins

after the beginning
of the procedure [20, 137]
9 Blood saturation (SpO2) >90% Pulseoxymeter < 90% decrease
in desaturation by 4% [47-49),
5% [136], and more
from the base line
within 3 mins [137]
10 Level of consciousness Scale of sedation RASS =[-5; 2]. Clinical monitoring ~ RASS < -3 or > 2 [20, 137]
or sedation Condition of the patient that does or BIS (ECG)- Decrease in the level
not require indication of additional sedation monitoring of consciousness by 1
and (or) neurolepsy (“quiet patient”) and more than 2 points [47]
Increase in the requirement
in sedation (including
for synchronization
with CMV apparatus)
Seizure activity
Psychomotor excitement
1 Pain Status 0 by BPS or VAS scale Clinical monitoring ~ Appearance or intensification
of pain [137]
12 Respiratory Rate (RR) >10; Non-invasive bradypnea
<40 apparatus or clinical ~ or tachypnea [20, 48]
>5; monitoring dyspnea and hissing
<40[1,10] respiration
13 Axillary temperature >36.0 °C; Thermometry <36.0°C
<385°C or > 38.5 °C [20, 47, 137]
14 Borg Dyspnea Index <11-13 > Clinical monitoring ~ Borg Dyspnea
Index > 13 [20]
15 Vegetative nervous system  No clinical signs of dysfunction Clinical control Acute dysautonomia

status

paroxysm: hyperhidrosis,
tachycardia, hyperthermia,
muscular hypertonus,
paleness, weakness [20, 138]
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End of the tabl. Al2

No.

Section of Monitoring

Range of values

Method
of Registration

Contraindications
to the beginning or STOP-
signs during the procedures

Additional modalities for patients on CMV

1 Synchronicity with CMV Synchronicity Clinical observation  Desynchronization
2 Content of oxygen <60% Gas analyzer Increase in the consumption
in the in the inhaled air of CMV apparatus  of oxygen [20, 47, 48]
(Fi02)
Respiratory index PaOz/ < 300 — acute lung injury, Gas analyzer Any decrease
FiO2 < 200 — acute respiratory distress syndrome in the respiratory index
Norm 500
(PaO2 : FiOz =100 mmHg/0.21 = 476) [139]
4 Partial pressure of CO2in < 60 mmHg Gas analyzer Increase of hypercapnia
the arterial blood (PaCOz)
3 Positive end expiratory <10 cm H20 Monitor Increase in PEEP [47, 48]
pressure (PEEP) of CMV apparatus
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Annex 13
Passive leg raising test

PLR (passive leg raising test) is a test based on leg raising for the assessment of the volume status [56, 57].

Physiologically, the test is based on the involvement of the patient's blood volume (autotransfusion). This test precisely
predicts an increase in the cardiac output of the blood from the lower limb veins to the right sections of the heart, which
is around 300 ml.

The peculiarity of this test is in its absolute reversibility and possibility to be performed both in patients with preserved
spontaneous breathing and those that are on CMV. There are no contraindications to PLR test in patients with heart rhythm
disorders as well as during inotropic and/or vasopressor support.

Method: stretched out legs are raised to at least 600 in a patient who is horizontally lying on the back. The parameters
of hemodynamic (BP, HR, central venous pressure) are registered before the raising and in the highest point.

The test is positive if there is an increase in BP and (or) HR by 10 %, CVP — by 2 mmHg from the initial level. Positive test
is a contraindication for the start of RehabICU (detailed information at https://rehabrus.ru/Docs/2021/MR-ReablT_3.0.pdf).
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Annex 14

Rehabilitation Routing Scale

4 N
Table A14. Gradations of The Rehabilitation Routing Scale (version for ICU) [5, 128]
RRS parameters Description of functioning and limitation of vital activity Routing
(score)
0 No functional impairments and limitations of vital activity — functions and structures Not indicated
of the organism are preserved in full
1 No manifestations of functional impairments and limitations of vital activity in patients Not indicated
with symptoms:
a) a patient can return to a premorbid way of life (work, education, etc.), maintain the pre-
morbid level of activity, and social life;
b) a patient spends as much time on routine activities as before the disease
2 Mild impairment of the functioning and limitation of vital activity — can live alone at home Not indicated
from a week and more without additional help:
a) a patient cannot perform some activities (driving, reading, writing, dancing, work, etc.);
b) a patient can attend to themselves (dress and undress, go shopping, cook, travel short-
distances, move without assistance);
c) a patient does not need observation
3 Moderate impairment of functioning and limitation of vital activity — can live alone at home Course of medical rehabilitation
without additional help from 1 day to 1 week: with the application of telemedicine
m a patient can move without assistance; technology with further hospitaliza-
m a patient can dress, undress, go to bathroom, eat, and perform other routine activities tion to a day-time inpatient facility
without assistance; according to a waiting list and epi-
m a patient needs assistance in complicated activities: cooking, cleaning, shopping, etc.; demiologic situation.
m regular physical loads lead to weakness, fatigue, palpitation, dyspnea.
m no pathological symptoms at rest;
m a patient needs help 1-2 times per week, control of the purchased products, and presence
of the cooked meal in the refrigerator. Several times per week, it is necessary to help
a patient with household activities for 2-3 hours
4 Manifested impairment of functioning and limitation of vital activity — can live without as- Routing to the 2" stage of medical
sistance up to 1day: rehabilitation to the department of in-
m a patient can move without assistance; patient medical rehabilitation with
m a patient needs additional help in routine activities: dressing, undressing, going to bath- further rehabilitation at the 34 stage
room, meal consumption, etc; (recreational-balneologic institution)
m a patient cannot be left without additional help. a patient needs help minimum 3 times using telemedicine technology
a day for taking the meal and moving around. This help takes 3 hours per day. additionally,
a patient needs household help 3-4 times per week 2-3 hours each time;
m apatient can be left alone if they can call for help (phone call, etc.).
5 Severe impairment of functioning and limitation of vital activity:
m apatient is bound to bed;
m a patient needs constant attention, assistance in routine activities: dressing, undressing,
taking bathroom, taking a meal, etc,;
m apatient cannot be left alone at home without assistance;
m a patient feels comfortably only at rest, even light physical loads lead to fatigue, palpita-
tion, dyspnea, cardialgia;
m apatient needs daily care at least 5 hours/day.
6 Extreme impairment of functioning and limitation of vital activity: Routing to the ICU for the 2nd stage
a) chronic cognitive impairment: vital functions are stable; neuromuscular and communica- of rehabilitation with further indi-
tive functions are deeply impaired; a patient can be in the conditions of structural division vidual routing
of a medical institution that provides ICU care;
b) neuromuscular insufficiency: psychological status within the norm, however. Because
of deep motor deficit (tetraplegia) and bulbar impairments, a patient has to stay in the ICU.
A patient needs respiratory support or invasive CMV in specialized conditions of the ICU.
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